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SYSTEMIS AND METHODS FOR SHEATHING 
AN MPLANTABLE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application No. 61/553, 
844, entitled “STENT DELIVERY SYSTEMS AND METH 
ODS.” filed Oct. 31, 2011, and U.S. Provisional Patent Appli 
cation No. 61/596,473, entitled “STENT DELIVERY 
SYSTEMS AND METHODS filed Feb. 8, 2012, each of 
which is hereby incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

0002 The present disclosure is directed to systems and 
methods for delivering a stent to alumen internal to a body of 
a patient, and more particularly to systems and methods for 
sheathing a stent just prior to an insertion procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. The written disclosure herein describes illustrative 
embodiments that are non-limiting and non-exhaustive. Ref 
erence is made to certain Such illustrative embodiments that 
are depicted in the figures, in which: 
0004 FIG. 1 is a perspective view of a stent delivery 
system in a partially sheathed configuration, according to one 
embodiment of the present disclosure. 
0005 FIG. 2 is a closer perspective view of the stent deliv 
ery system of FIG. 1 in a fully sheathed delivery configura 
tion. 
0006 FIG. 3 is an exploded view of the stent delivery 
system of FIG. 1. 
0007 FIG. 4A is a side view of the stent delivery system of 
FIG 1. 
0008 FIG. 4B is a cut-away, cross-sectional side view of 
the stent delivery system of FIG. 4A. 
0009 FIG. 4C is another cut-away, cross-sectional side 
view of the stent delivery system of FIG. 4A. 
0010 FIG. 4D1 is another cut-away, cross-sectional side 
view of the stent delivery system of FIG. 4A. 
0011 FIG. 4D2 is an enlargement of the cut-away, cross 
sectional side view of FIG. 4D1. 
0012 FIG. 5A is a perspective view illustrating assembly 
of a sheathing mechanism at a distal region of the stent deliv 
ery system of FIG. 1, preparatory to performing a stent 
implantation procedure. 
0013 FIG. 5B is a perspective view illustrating assembly 
of a sheathing mechanism at a distal region of the stent deliv 
ery system of FIG. 1. 
0014 FIG. 5C is another perspective view illustrating 
assembly of a sheathing mechanism at a distal region of the 
stent delivery system of FIG. 1. 
0015 FIG.5D is a perspective view illustrating the stent 
delivery system of FIG. 1 in a partially sheathed configuration 
with a fully assembled sheathing mechanism. 
0016 FIG. 5E1 is a perspective view illustrating the stent 
delivery system of FIG. 1, preparatory to sheathing. 
0017 FIG.5E2 is an end view of a distal end of the stent 
delivery system of FIG.5E1. 
0018 FIG.5F1 is a perspective view illustrating a begin 
ning of a sheathing action of the stent delivery system of FIG. 
1, preparatory to performing a stent implantation procedure. 
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0019 FIG.5F2 is an end view of a distal end of the stent 
delivery system of FIG.5F1. 
0020 FIG. 5F3 is a cross-sectional side view of a distal 
end of the stent delivery system of FIG.5F1. 
0021 FIG.5G1 is a perspective view further illustrating a 
sheathing action of the stent delivery system of FIG. 1. 
0022 FIG.5G2 is an end view of a distal end of the stent 
delivery system of FIG.5G1. 
0023 FIG.5G3 is an enlarged cross-sectional side view of 
a distal end of the stent delivery system of FIG.5G1. 
0024 FIG.5H is a perspective view illustrating disassem 
bly of the sheathing mechanism of the stent delivery system 
of FIG. 1, preparatory to performing a stent implantation 
procedure. 
0025 FIG.5I is another perspective view of the sheathing 
mechanism of the stent delivery system of FIG. 1 in a fully 
sheathed delivery configuration, preparatory to performing a 
stent implantation procedure. 
0026 FIG. 6A1 is a side view of the stent delivery system 
of FIG. 1 in a partially sheathed configuration and in a similar 
configuration as in FIG. 5E1. 
0027 FIG. 6A2 is an enlarged cross-sectional side view of 
a distal region of the stent delivery system of FIG. 6A1. 
(0028 FIG. 6B1 is a side view of the stent delivery system 
of FIG. 1 in a partially sheathed configuration and in a similar 
configuration as in FIG.5F1. 
0029 FIG. 6B2 is an enlarged, cross-sectional side view of 
a distal region of the stent delivery system of FIG. 6B1. 
0030 FIG. 6C1 is a side view of the stent delivery system 
of FIG. 1 in a partially sheathed configuration and in a similar 
configuration as in FIG.5G1. 
0031 FIG. 6C2 is an enlarged, cross-sectional side view of 
a distal region of the stent delivery system of FIG. 6C1. 
0032 FIG. 6D1 is a side view of the stent delivery system 
of FIG. 1 in a fully sheathed configuration and in a similar 
configuration as in FIG.5I. 
0033 FIG. 6D2 is an enlarged, cross-sectional side view 
of a distal region of the stent delivery system of FIG. 6D1. 
0034 FIG. 7A is a side longitudinal cross-sectional view 
of the stent delivery system of FIG. 1 in the fully sheathed 
delivery configuration. 
0035 FIG. 7B is a close-up, cross-sectional view the stent 
of the stent delivery system of FIG. 7A in a compressed 
configuration. 
0036 FIG. 8A1 is a side longitudinal cross-sectional view 
of the stent delivery system of FIG. 1 with the trigger safety 
removed. 
0037 FIG. 8A2 is a close-up, cross-sectional view of the 
fully sheathed stent of the stent delivery system of FIG. 8A1. 
0038 FIG. 8B1 is a side longitudinal, cross-sectional view 
of the stent delivery system of FIG. 1 with the proximal 
trigger retracted. 
0039 FIG. 8B2 is a close-up, cross-sectional view of the 
partially deployed stent of the stent delivery system of FIG. 
8B1. 

0040 FIG. 8C1 is a side longitudinal, cross-sectional view 
of the stent delivery system of FIG. 1 with the distal trigger 
retracted. 
0041 FIG. 8C2 is a close-up, cross-sectional view of the 
stent of the stent delivery system of FIG. 8C1. 
0042 FIG. 8D is a close-up, side longitudinal, cross-sec 
tional view of the stent delivery system of FIG. 1 with the 
stent in a fully expanded, deployed State. 
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0.043 FIG. 9A is a transverse cross-sectional view of a 
portion of the stent delivery system of FIG. 1. 
0044 FIG.9B is a longitudinal, cross-sectional view of a 
portion of the stent delivery system of FIG. 1. 
0045 FIG. 10A is end view of a proximal trigger of the 
stent delivery system of FIG. 1. 
0046 FIG. 10B is an end view of a distal trigger of the 
stent delivery system of FIG. 1. 
0047 FIG. 11A is a side view of an internal connector, a 
distal trigger, a floater, and a proximal trigger of the stent 
delivery system of FIG. 1. 
0048 FIG. 11B is a top cross-sectional view of an internal 
connector, a distal trigger, a floater, and a proximal trigger of 
the stent delivery system of FIG. 1. 
0049 FIG. 12A is a perspective view of the sheathing 
funnel and sheathing tube of the stent delivery system of FIG. 
1. 
0050 FIG. 12B is an end view of the sheathing funnel of 
the stent delivery system of FIG. 1. 
0051 FIG. 12C is a perspective view of the sheathing 
funnel of the stent delivery system of FIG. 1. 
0052 FIG. 13A is a perspective view of the trigger safety 
of the stent delivery system of FIG. 1. 
0053 FIG. 13B is a side view of the trigger safety of the 
stent delivery system of FIG. 1 in a closed state. 
0054 FIG. 13C is a side view of the trigger safety of the 
stent delivery system of FIG. 1 in an open state. 
0055 FIG. 14A is a perspective view of a panchor of the 
stent delivery system of FIG. 1. 
0056 FIG. 14B is another perspective view of a panchor of 
the stent delivery system of FIG. 1. 
0057 FIG. 14C is a side view of a panchor of the stent 
delivery system of FIG. 1. 
0058 FIG. 14D is a top view of a panchor of the stent 
delivery system of FIG. 1. 
0059 FIG. 14E is a bottom view of a panchor of the stent 
delivery system of FIG. 1. 
0060 FIG. 14F is an end view of a panchor of the stent 
delivery system of FIG. 1. 
0061 FIG. 14G is another end view of a panchor of the 
stent delivery system of FIG. 1. 
0062 FIG. 14H is a cross-sectional view of a panchor of 
the stent delivery system of FIG. 1. 
0063 FIG. 15A is a perspective view of a tip insertion 
funnel of the stent delivery system of FIG. 1. 
0064 FIG. 15B is another perspective view of a tip inser 
tion funnel of the stent delivery system of FIG. 1 in a closed 
State. 

0065 FIG. 15C is a perspective view of a tip insertion 
funnel of the stent delivery system of FIG. 1 in an open state. 
0066 FIG. 16A is a perspective view of a stent delivery 
system having three triggers in a partially sheathed configu 
ration, according to another embodiment of the present dis 
closure. 
0067 FIG. 16B is a perspective view of the stent delivery 
system of FIG.16A in a fully sheathed delivery configuration. 
0068 FIG. 17A is a side view of an internal connector, a 
third trigger, a floater, a second trigger, external floater arms, 
and a first trigger of the stent delivery system of FIGS. 16A 
and 16B. 
0069 FIG. 17B is a top cross-sectional view of an internal 
connector, a third trigger, a floater, a second trigger, external 
floater arms, and a first trigger of the Stent delivery system of 
FIGS. 16A and 16B. 
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(0070 FIG. 18A is a side view of a panchor of the stent 
delivery system of FIGS. 16A and 16B. 
0071 FIG. 18B is a side cross-sectional view of the pan 
chor of the stent delivery system of FIGS. 16A and 16B. 
0072 FIG. 18C is a side cross-sectional view illustrating 
flexibility of the panchor of the stent delivery system of FIGS. 
16A and 16B. 
0073 FIG. 19 is a perspective view of a packaged stent 
delivery system in a storage configuration, according to one 
embodiment. 

DETAILED DESCRIPTION 

0074 The present disclosure relates to systems and meth 
ods for deploying a crimpable implantable device within a 
body of a patient. For example, the disclosed systems and 
methods may provide for deploying a valved stent within a 
lumen of a body of a patient. The disclosed embodiments may 
allow the implantable device to be stored and/or transported 
in partially sheathed (and also partially deployed) storage 
configuration, such that a portion of the implantable device is 
crimped and/or sheathed within a stent delivery device. A 
portion of the implantable device may also remain 
unsheathed and in an expanded (or uncrimped) state. In the 
case of a valved stent, the portion of the valved stent that 
includes the valve can remain unsheathed in an expanded 
state to prevent the valve from enduring prolonged periods of 
compression and deformation (e.g., during storage and/or 
transport) that can result in deformation of the valve. 
0075. The disclosed embodiments may further allow a 
practitioner to fully crimp and/or fully sheathe the implant 
able device and transition the delivery device into a delivery 
configuration just prior to delivery of the implantable device 
to a desired location within a target lumen. The disclosed 
embodiments may further allow deployment of the implant 
able device to an expanded fully deployed state. 
0076 Implantable medical devices are valuable tools of 
modern medicine. In general, an implantable device is a 
device or structure configured to be inserted or embedded into 
a patient for a variety of functions. Implantable devices 
include stents, filters, markers, drug delivery devices, valves, 
and monitors. 
0077 Stents are implantable devices that are inserted into 
body lumina, Such as vessels or passages, to keep the lumen 
open and prevent closure due to a stricture, external compres 
Sion, or internal obstruction. Stents are commonly used to 
keep blood vessels open in the coronary arteries, and they are 
frequently inserted into the ureters to maintain drainage from 
the kidneys, the bile duct for pancreatic cancer or cholangio 
carcinoma, or the esophagus or airways for strictures or can 
C. 

0078. In order to serve a desired function, an implantable 
device should be delivered precisely and oriented correctly. 
Improper installation can lead to several adverse complica 
tions, including tissue luminal inflammation and tissue 
granulation. In order to facilitate the delivery of implantable 
devices, delivery devices, such as endoscopes and catheters, 
have been utilized to deploy implantable devices more pre 
cisely. 
0079 Delivery devices vary in shape and structure. How 
ever, in general, a delivery device may include a handle and 
one or more movable tubular members extending from the 
handle. The delivery device may further include a deploy 
ment mechanism for moving or operating the tubular mem 
bers between positions. The one or more moveable tubular 
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members typically include an inner tubular member disposed 
within an outer tubular member or sheath. The outer tubular 
member is typically shorter than the inner tubular member 
and movable relative to the inner tubular member. A distal 
region of the outer tubular member generally Surrounds the 
implantable device. In the case of a stent, the outer tubular 
member may maintain the stent sheathed in a crimped state in 
the sheathed delivery configuration, while a distal region of 
the inner tubular member is surrounded by the stent. Once the 
sheathed stent is properly positioned at a target deployment 
site, the outer tubular member may be retracted to deploy the 
stent and allow the stent to radially expand. 
0080 Many presently available delivery devices require 
an implantable device to be fully crimped and/or sheathed by 
special equipment prior to storage and/or transport and prior 
to deployment for use, for example in treating a lumen of a 
body of a patient. As used herein, the terms “crimp’ and 
"crimping refer to compressing or drawing a crimpable 
implantable device inward, radial toward a longitudinal axis 
of the implantable device, to bring the implantable device to 
approximately an original or initial size. Crimping may occur 
independent from and with limited compression or expansion 
longitudinally along a longitudinal axis of the implantable 
device. In other words, crimping may involve limited or no 
change in a longitudinal dimension of the implantable device. 
0081. Some implantable devices are designed to be 
sheathed (or re-sheathed) for removal from the body, yet such 
implantable devices may be configured Such that they cannot 
be subsequently deployed for use without properly being 
crimped before being sheathed. A stent that is re-sheathed 
may not necessarily be crimped or otherwise returned to a 
crimped state. The re-sheathing process may damage, 
deform, or otherwise alter the structural integrity or other 
characteristic of the implantable device in Such a way as to 
limit the usability of the implantable device when subse 
quently deployed, thereby preventing Subsequent use. 
0082. Sheathing some implantable devices in a manner 
that avoids damage to the structural integrity of the stent, to 
enable Subsequent use, can be particularly challenging. For 
example, Some embodiments of stents, such as are disclosed 
in U.S. patent application Ser. No. 13/153,150, entitled 
“ESOPHOGEAL STENT' which is hereby incorporated by 
reference herein in its entirety, may comprise a Support or 
scaffolding structure formed of a plurality of rows of struts or 
legs oriented about an outer circumference of the stent and 
connected by a plurality of connectors extending longitudi 
nally with a longitudinal axis of the stent. Additionally, the 
stent or other implantable device may comprise a variety of 
components, and the parameters of these components—such 
as shape, length, thickness, position, etc.—may greatly vary 
to provide a stent with certain properties. The arrangement of 
these components may make sheathing of the stent quite 
difficult. Protruding components of the scaffolding structure 
may prevent the Stent, or portions of the stent from being 
'self-sheathing with traditional equipment. The components 
may need to be crimped prior to sheathing. Prior to the 
embodiments of the present disclosure, such embodiments of 
stents could not be crimped and/or sheathed outside of a 
factory setting in a manner that would render the stent in a 
useable state for Subsequent deployment and use. 
0083 Traditional delivery devices, which require that the 
implantable device be fully crimped and sheathed prior to 
storage and/or transport for eventual use, can be problematic 
to use to deliver (or deploy) a valved stent. A valve of a valved 
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stent may be formed of a polymer material that may be easily 
deformable by applying a constant force or otherwise main 
taining the valve in a deformed State for a prolonged period of 
time. 

I0084. For example, embodiments of a valved stent are 
disclosed in U.S. patent application Ser. No. 13/285,358, 
entitled “ESOPHOGEAL STENT WITHVALVE, which is 
hereby incorporated by reference herein in its entirety, and 
may include a valve formed of a polymer. Because polymers 
lack a well defined crystalline structure, they can easily 
undergo a glass transition at a given glass transition tempera 
ture T when cooled (or heated) and, thereby, exhibit physical 
properties of both a solid and a liquid. Specifically, a polymer 
can be cooled into a desired shape and may hold that shape. 
However, the polymer can easily be reshaped or plastically 
deformed in response to pressure or stress, particularly if also 
exposed to temperatures approaching or above the T of the 
polymer. If the T is relatively low (e.g., 114 degrees F.), as in 
the case for some polymers, plastic deformation occurs eas 
ily. A polymer Valve of a valved stent that is compressed and 
deformed in a delivery configuration of the stent for a pro 
longed period of time (e.g., during storage and/or transport) 
can permanently deform. The deformed valve may not func 
tion properly and thus remain in a defective and unusable 
state. Accordingly, a delivery device that can only be used by 
a practitioner if the stent arrives fully crimped and/or 
sheathed may not be an effective delivery device for a valved 
stent. A delivery device that can be transported with the valve 
in a natural operable configuration, and not subject to forces 
that may induce plastic deformation, may be desirable. 
I0085 Also, because delivery devices are commonly 
designed to facilitate easy deployment, inadvertent or acci 
dental deployment may easily occur. Safety mechanisms to 
secure the outer tubular member relative to the inner tubular 
member typically comprise a pin passing through both the 
outer tubular member and the inner tubular member. These 
"pin-type' safety mechanisms can be difficult to operate or 
even ineffective in Some instances. For example, a "pin-type 
safety mechanism does not allow distal movement of a trigger 
and/or an outer sheath to enable sheathing a stent, while also 
restricting proximal movement of the trigger to prevent inad 
Vertent deployment. 
I0086. The present disclosure is directed to stent delivery 
systems addressing various shortcomings of presently avail 
able stent delivery devices. In particular, the present disclo 
Sure provides a stent delivery system that may enable a prac 
titioner to fully sheath a stent that may be merely partially 
sheathed or even completely unsheathed and in an expanded 
configuration. The stent delivery system may have a plurality 
of triggers and a trigger safety to prevent accidental or inad 
Vertent deployment. A stent delivery system according to the 
present disclosure may also have a flexible pusher/anchor 
(“panchor') component configured to engage the sheathed 
stent to restrict movement of the sheathed stent both proxi 
mally and distally relative to the delivery device. 
I0087 Although described in terms of delivering an esoph 
ageal stent with a valve, a person having ordinary skill in the 
art, with the aid of the present disclosure, will readily appre 
ciate that the disclosed delivery systems can be used to deliver 
a variety of crimpable implantable devices, including but not 
limited to stents, filters, markers, drug delivery devices, 
valves, and monitors. In one embodiment, the present disclo 
Sure provides an esophageal valved stent delivery system. The 
present disclosure is also applicable to a variety of stents 
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designed for a variety of applications, for example, biliary 
stents, bronchial stents, tracheal stents, colonic/duodenal 
stents, and so on. In another embodiment, the present disclo 
Sure may provide a heart replacement valve delivery system. 
In other embodiments, the present disclosure may provide a 
delivery system for other crimpable valves. In still other 
embodiments, the present disclosure may provide a delivery 
system for a variety of crimpable devices. 
0088. The embodiments of the disclosure will be best 
understood by reference to the drawings, wherein like parts 
are designated by like numerals throughout. It will be readily 
understood that the components of the disclosed embodi 
ments, as generally described and illustrated in the figures 
herein, could be arranged and designed in a wide variety of 
different configurations. Thus, the following detailed descrip 
tion of the embodiments of the systems and methods of the 
disclosure is not intended to limit the scope of the disclosure, 
as claimed, but is merely representative of possible embodi 
ments of the disclosure. In addition, the steps of a method do 
not necessarily need to be executed in any specific order, or 
even sequentially, nor need the steps be executed only once, 
unless otherwise specified. 
0089. In some cases, well-known features, structures or 
operations are not shown or described in detail. Furthermore, 
the described features, structures, or operations may be com 
bined in any suitable manner in one or more embodiments. As 
will also be readily understood, the components of the 
embodiments as generally described and illustrated in the 
figures herein could be arranged and designed in a wide 
variety of different configurations. 
0090. The phrases “connected to,” “coupled to,” and “in 
communication with refer to any form of interaction 
between two or more entities, including mechanical, electri 
cal, magnetic, electromagnetic, fluid, and thermal interaction. 
Two components may be coupled to each other even though 
they are not in direct contact with each other. For example, 
two components may be coupled to each other through an 
intermediate component. 
0091. The terms “proximal” and “distal” refer to opposite 
ends of a medical device. As used herein, the proximal end of 
a medical device is the end nearest a practitioner during use, 
while the distal end is the opposite end. For example, the 
proximal end of a stent delivery device refers to the end 
having the handle and disposed nearestapoint of contact with 
the practitioner when the stent delivery device is in use by a 
practitioner. 
0092 FIG. 1 is a perspective view of a stent delivery 
system 100 in a partially sheathed configuration, according to 
one embodiment of the present disclosure. The stent delivery 
system 100 may comprise a stent delivery device 101 and a 
sheathing mechanism 201. The stent delivery device 101 may 
comprise a trigger assembly 102 and a tubular member 104. 
The tubular member 104 is configured to house a crimped 
and/or sheathed stent 10 for delivery to a target location 
within a patient’s body, such as within a lumen. The trigger 
assembly 102 may enable a practitioner to deploy the stent 10. 
The sheathing mechanism 201 may enable a practitioner to 
fully sheath a partially sheathed stent 10 shortly prior to a 
procedure in which the stent 10 may be deployed in a lumen 
ofapatient. In the illustrated embodiment, the stent 10 may be 
a valved stent having a valve 12. The stent 10 may have a 
length, for example, of 100 mm, such that it could be 
deployed with a two-stage, two-trigger deployment mecha 
1S. 

May 9, 2013 

0093. The valved stent 10 may be an esophageal stent. 
Some patients suffer from an obstruction of the esophagus at 
or near the lower esophageal sphincter, which is the valve at 
the opening of the esophagus into the stomach. The lower 
esophageal sphincter prevents stomach acid and other gastric 
fluids from travelling up the esophagus, particularly when a 
person is lying down or in a prone position. If a stent is 
positioned near or through the portion of the esophagus where 
the lower esophageal sphincter is located, the stent may pre 
vent proper functioning of the lower esophageal sphincter. 
Without a prosthetic valve coupled in the stent to prevent 
migration of gastric fluids up the esophagus, the gastric fluids 
can work their way into the lungs, for example, while the 
person is sleeping. An individual without a properly function 
ing valve at the opening between the stomach and esophagus 
can aspirate gastric fluids while sleeping in a recumbent or 
lying position (e.g., Supine, prone, lateral recumbent) and die 
from asphyxiation. The stent 10 with a valve 12 can be posi 
tioned at the opening of the esophagus into the stomach and 
the valve 12 can function to allow food to pass in one direction 
but prevent passage of gastric fluids in an opposite direction. 
0094. The partially sheathed configuration of the stent 
delivery system 100 may be a storage and/or transport con 
figuration. A portion of the stent 10 may remain uncrimped 
and/or unsheathed. The valve 12 may be positioned in an 
uncrimped and/oran unsheathed portion of the stent 10 that is 
in a partially sheathed configuration. The unsheathed portion 
of the stent 10 may remain in an uncrimped (or expanded) 
state. Therefore, the valve can be maintained in an operational 
or natural (e.g., undeformed) state during, for example, Stor 
age and/or transport, until just before implantation of the stent 
10 in a lumen of a patient. Also, the stent 10 may be partially 
sheathed to facilitate fully sheathing the stent 10 to transition 
to a fully sheathed delivery configuration. 
(0095 FIG. 2 provides a closer perspective view of the 
stent delivery system 100 in the fully sheathed delivery con 
figuration. The tubular member 104 of the stent delivery 
device 101 may include an outer sheath 126 coupled to the 
trigger assembly 102. The outer sheath 126 may include a pod 
134 at the distal end to enclose or sheathe the stent 10 in a 
crimped state. In FIG. 2, the stent 10 is not shown because it 
is fully crimped and fully sheathed within the pod 134. The 
trigger assembly 102 may include a plurality of triggers 114, 
116 that are configured to be serially retracted (e.g., pulled) 
toward a handle 106 to retract the outer sheath 126 and pro 
vide staged release (or deployment) of the stent 10. The 
triggers 114, 116 may be supported by outer supports 110. A 
proximal trigger 114 may be pulled proximally, toward the 
handle 106, to partially deploy the stent. A distal trigger 116 
may then be pulled proximally, toward the handle 106 and the 
proximal trigger 114, to complete deployment of the stent 10. 
0096. The serial retraction of proximal trigger 114 and 
then the distal trigger 116 to provide a staged deployment of 
the stent 10 may occur in a manner Such that retracting the 
proximal trigger 114 moves the distal trigger 116 and the 
outer sheath 126 proximally and longitudinally relative to an 
inner member, from a first position to a second position to 
partially unsheathe and deploy the stent 10. Subsequent 
retraction of the distal trigger 116 moves the outer sheath 126 
proximally and longitudinally relative to the inner member 
from the second position to a third position to fully unsheathe 
and deploy the stent 10. Deployment of the stent 10 will be 
described in greater detail below with reference to FIGS. 
8A1-8A2, 8B1-8B2, 8C1-8C2, and 8D. 
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0097. One or more trigger guide slots 150 in the outer 
Supports 110 and corresponding protrusions or trigger guides 
(not shown) on the triggers 114, 116 may guide longitudinal 
movement of the triggers 114, 116. A trigger safety 142 may 
inhibit operation of the trigger assembly 102 to restrict 
deployment of a sheathed stent 10. More specifically, the 
trigger safety 142 may limit proximal movement of the proxi 
mal trigger 114 and the distal trigger 116, thereby restricting 
deployment of the stent 10. By restricting proximal move 
ment of the triggers 114, 116, the trigger safety 142 may 
guard against inadvertent or accidental deployment of the 
Stent 10. 

0098. A sheathing grip 112 may provide a handle that can 
be grasped during sheathing of the stent 10. The sheathing 
grip 112 can be grasped with a first hand while the sheathing 
mechanism 201 may be grasped with a second hand. With the 
first hand, the sheathing grip 112 may be pulled, pushed, or 
otherwise forced away from the sheathing mechanism 201 
during a sheathing action to crimp and fully sheathe the stent 
10. Similarly, the second hand may push, pull, or otherwise 
force the sheathing mechanism 201 away from the sheathing 
grip 112 during a sheathing action. 
0099. The sheathing mechanism 201 is designed for the 
user to perform a sheathing action to sheathe the stent 10. The 
sheathing action may initiate two actions relative to the stent 
10. A first action is to crimp the stent 10 to a diameter that 
approximates the inner diameter of the pod 134. By virtue of 
crimping, a second action of sliding the pod 134 over the 
crimped stent 10 is facilitated. As can be appreciated, a por 
tion of the stent 10, but less than all, may be crimped (or 
compressed) at a given time and the pod 134 may be slid over 
(to sheathe) that portion before or while a next portion of the 
stent 10 may be crimped. The crimping action need not be 
completed for the entire stent 10 prior to beginning the sliding 
of the pod 134. The stent 10 can be gradually crimped and the 
sliding of the pod 134 may occur as the stent 10 is crimped, 
thereby gradually sheathing crimped portions of the stent 10. 
In other words, crimping and sheathing of the stent 10 may 
occur contemporaneously, or Substantially contemporane 
ously, in a single motion and/or action. 
0100. The sheathing mechanism 201 may include a 
sheathing tube 202, a sheathing funnel 204, sheathing fingers 
206, a tip insertion funnel 208, and a tip 132. As will be 
described in more detail below, the components of the sheath 
ing mechanism 201 are assembled at a distal end of the 
tubular member 104, around the distal end of the outer sheath 
126 or the pod 134, and facilitate sheathing of the stent 104. 
The sheathing funnel 204 and/or the sheathing tube interact 
with the sheathing fingers 206 and/or the stent 10 to crimp the 
stent 10. The crimping of the stent 10 compresses the stent 10 
to a crimped configuration over which the pod 134 can slide. 
0101 The sheathing tube 202 and/or the sheathing funnel 
204 may be a translational member that is axially displace 
able relative to the tubular member 104 of the delivery device 
100. The translational member may be configured to translate 
axial movement of the translational member in a distal direc 
tion along the tubular member 104 into radial force to com 
press and thereby crimp the unsheathed portion of the stent 
10. For example, the sheathing funnel 204 may interact with 
the sheathing fingers 206 during the sheathing action. The 
internal taper of the sheathing funnel 204 may interact with a 
ramped surface of the sheathing fingers 206. The angle of the 
sheathing fingers 206 combined with the internal taper of the 
sheathing funnel 204 may translate axial movement of the 
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sheathing tube 202 and sheathing funnel 204 into a radial 
force inward that may compress the stent 10 as the sheathing 
tube 202 is advanced distally by the user. As the sheathing 
funnel 204 and sheathing tube 202 advances distally, the stent 
10 is compressed gradually until the stent 10 is crimped 
and/or untilan outer diameter of the stent 10 approximates the 
inner diameter of the stent pod 134. A collar 205 may be 
disposed within the sheathing tube 202 and/or sheathing fun 
nel 204 to engage the sheathing fingers 206 and thereby 
facilitate sheathing. Sheathing of the stent 10 will be 
described in greater detail below with reference to FIGS. 
6A1-6A2, 6B1-6B2, 6C1-6C2, and 6D1-6D2. 
0102 FIG. 3 is an exploded view of the stent delivery 
system 100. FIGS. 4A-4B, 4C and 4D1-4D2 are partially 
exploded, cut away, and/or cross-sectional side views of the 
stent delivery system 100. Referring collectively to FIGS. 3 
and 4A-4B, 4C and 4D1-4D2, the illustrated stent delivery 
system 100 includes a handle 106, a rigid support tube 108, 
outer Supports 110, a sheathing grip 112, a proximal trigger 
114, a distal trigger 116, a floater 118, an internal connector 
120, an inner member 122, a middle sheath 124, an outer 
sheath 126, a pusher/anchor (or panchor, as defined above) 
128, and a tip 132. A pod 134 may be disposed at, or config 
ured to couple to, the distal end of the outer sheath 126 to 
house a sheathed stent 10. A sheathing tube 202, a sheathing 
funnel 204, sheathing fingers 206, and a tip insertion funnel 
208 facilitate sheathing of the stent 10 into the pod 134 and/or 
outer sheath 126. 
0103 The trigger assembly 102, including the triggers 
114, 116, the internal connector 120, and the floater 118, 
facilitates deployment of the stent 10 from a sheathed state 
within the pod 134. More specifically, the trigger assembly 
102 facilitates moving the outer sheath 126 proximally rela 
tive to the inner member 122, thereby retracting the pod 134 
from around the stent 10 to expose and deploy the stent 10. 
Still more specifically, the internal connector 120 may be 
bonded to the outer sheath 126 and proximal movement of the 
internal connector 120 relative to the handle 106 (and relative 
to the inner member 122 and outer supports 110) may cause 
proximal movement of the outer sheath 126 relative to the 
inner member 122. Proximal movement of the outer sheath 
126 relative to the inner member 122 may result in deploy 
ment of the stent 10 sheathed within the pod 134. The triggers 
114, 116 allow a practitioner to retract the outer sheath 126 
proximally relative to the inner member 122 to deploy the 
stent, as will be explained in greater detail below with refer 
ence to FIGS. 8A1-8A2, 8B1-8B2, 8C1-8C2, and 8D. 
0104. The handle 106 is configured to be easily grasped by 
a practitioner to secure and control the stent delivery device 
101 (shown in FIG. 4A). In the illustrated embodiment, the 
handle 106 is shaped like the handle or butt of a handgun and 
configured to position the triggers 114, 116 similar to the 
position of a trigger of a handgun. The handle 106 may be 
ergonomically configured to be comfortably gripped in a 
practitioners hand. 
0105. The inner member 122 extends from the handle 106, 
through the trigger assembly 102, through the tubular mem 
ber 104, to the panchor 128. A distal inner segment 136 of the 
inner member 122 may be coupled to the tip 132 and config 
ured for later coupling to the panchor 132 and/or the inner 
member 122 at the time of a stent implantation procedure. The 
distal inner segment 136 may be an elongate rigid shaft 
extending from the tip 132. The inner member 122 may be the 
inner-most component of the stent delivery device 101. The 
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inner member 122, including the distal inner segment 136, 
may include a lumen and may be configured to receive a 
guidewire (not shown) that can guide insertion of the tubular 
member 104 into a body lumen where the stent 10 is to be 
deployed. The inner member 122 may beformed of a flexible 
material. Such as polyethylene, which can be easily manipu 
lated over a guidewire into a body lumen. In other embodi 
ments, the inner member 122 may beformed of other flexible 
materials, including but not limited to nylon, Pebax, polypro 
pylene, and Teflon. The distal segment may be formed of a 
slightly more rigid material to facilitate insertion through a 
valve 12 of the stent 10 and/or locking or coupling to the 
panchor 128 and/or the inner member 122. 
010.6 An inner assembly 140 (shown in FIG. 4B), which 
may include the rigid support tube 108, the middle sheath 
124, and the panchor 128, may be configured around the inner 
member 122. The rigid support tube 108 may be securely 
fixed to the handle 106 and may be configured to secure a 
proximal end of the inner member 122 relative to the handle 
106. In the illustrated embodiment, the rigid support tube 108 
may be formed of a metal. Such as steel, and may be hollow 
and configured to receive the inner member 122. The steel 
rigid support tube 108 may then be crimped at one or more 
points to secure the inner member 122 inside. In another 
embodiment the rigid support tube 108 may be formed of a 
rigid material. Such as plastic, and secured to the inner mem 
ber 122 by bonding, gluing, or other manner of affixing or 
securing the inner member 122 within or to the rigid Support 
tube 108. 

0107 The tip 132 is configured to be positioned at the 
distal end of the outer sheath 126 and pod 134, when the stent 
delivery device 101 is in a fully sheathed delivery configura 
tion and the stent 10 is fully sheathed. In the illustrated 
embodiment, the distal inner segment 136 of the inner mem 
ber 122 is coupled to the tip 132. The tip 132 may be bonded 
to or otherwise connected to the distal inner segment 136 of 
the inner member 122. The tip 132 may be formed of a 
molded plastic. The distal inner segment 136 may be an 
elongate shaft configured to extend through the lumen of the 
stent 10 to engage the panchor 128 and/or couple to the inner 
member 122. 

0108. In the illustrated embodiment, the tip 132 and the 
distal inner segment 136 are separated from the tubular mem 
ber 104 of the stent delivery device 101 in the partially 
sheathed configuration (e.g., prior to use of the delivery sys 
tem 100 by a practitioner). The distal inner segment 136 is not 
typically positioned through a lumen of the stent 10 and the 
valve 12 in the partially sheathed configuration so as to avoid 
plastic deformation of the valve 12. The distal inner segment 
136 may include a connection member 138 configured to 
couple to the panchor 128. In one embodiment, the connec 
tion member 138 may be a barb configured to mate with an 
opening within the panchor 128. The barb may include a 
tapered or ramped surface that allows the barb to pass through 
an opening within the panchor 128 in one direction and may 
include orthogonal Surfaces that inhibit passage of the barb 
through the opening within the panchor 128 in an opposite 
direction. The opening within the panchor 128 may include 
one or more deflectable tabs 129 configured to deflect (e.g., 
spread apart) in response to contact with the tapered or 
ramped surface of the barb of the connection member 138. 
The deflectable tabs 129 may retract to abut the orthogonal 
surface(s) of the barb and thereby restrict passage of the barb 
back out of the opening within the panchor 128. 
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0109) A practitioner can insert the distal inner segment 
136 through the lumen of the stent 10, including the valve 12, 
and engage the connection member 138 into the panchor 128 
just prior to sheathing. The connection member 138 may be 
configured such that once the connection member 138 of the 
distal inner segment 136 is inserted into the panchor 128 the 
distal inner segment 136 cannot be removed. In this manner, 
the tip 132 is secured into position for sheathing and for the 
fully sheathed delivery configuration. 
0110. The tip 132 may include a narrow lumen 133 that 
connects to a lumen through the distal inner segment 136 and 
the lumen of the inner member 122 to allow a guidewire to be 
inserted into and through the inner member 122. The tip 132 
may be formed in a conical shape, tapering toward the distal 
end, to lead and guide the tubular member 104 during inser 
tion into a lumen of the patient’s body, for example, the 
esophagus. The connection member 138 of the distal inner 
segment 136 may couple the distal segment to the panchor 
128 in such a way that the lumen through the distal inner 
segment 136 and the tip 132 aligns with the lumen of the inner 
member 122. 

0111. In some embodiments, one or more spacers 121a, 
121b, 121c (collectively 121) may be positioned around the 
distal inner segment 136 of the inner member 122 and may 
extend proximally from the tip 132 to the panchor 128. The 
spacers 121 may be free floating around (e.g., coaxially with) 
the distal inner segment 136. The spacers 121 may provide a 
Surface or other Support structure against which the panchor 
128 (or segments of the panchor 128) may abut to restrict 
proximal and/or distal movement of the panchor 128 and 
panchor segment relative to, for example, the tip 132. During 
sheathing of a stent, for example, forces may be exerted on the 
stent in a distal direction, which in turn creates forces in a 
distal direction on the panchor 128 and the individual seg 
ments of the panchor 128. The distal forces on the panchor 
128 may cause the panchor segments to tend to separate. The 
one or more spacers 121 may restrict and/or prevent separa 
tion of panchor segments due to distal forces on the panchor 
128 created during sheathing. 
0112. In one embodiment, a first spacer 121a may abut 
with and/or engage the panchor 128. The first spacer 121a 
may have an outer diameter sized to allow the first spacer 
121a to abut and/or engage an inner Surface of the panchor 
128. The second spacer 121b may abut a distal end of the first 
spacer 121a and have an outer diameter that is larger than the 
outer diameter of the first spacer 121a. The larger diameter of 
the second spacer 121b may enable the second spacer to 
engage the panchor 128 and restrict distal movement of the 
panchor 128. More specifically, the second spacer 121b may 
have an outer diameter large enough to engage an inner Sur 
face of a socket portion of the panchor 128 and thereby 
prevent a corresponding segment of the panchor 128 from 
moving distally, for example relative to the tip 132. The third 
spacer 121C may abut a distal end of the second spacer 121b 
and extend distally to abut the tip 132 and/or an outer tube 
portion of the distal inner segment 136. The third spacer 121c 
may have an outer diameter similar to the diameter of the first 
spacer 121a. The spacers 121 may be formed of a rigid mate 
rial. Such as a high yield strength polypropylene, to provide a 
desired longitudinal rigidity to counteract the forces in the 
distal direction exerted on the panchor 128 and/or panchor 
Segments. 
0113. The pod 134 may house the stent 10 in a crimped 
configuration or otherwise compressed configuration. In 
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other words, the stent 10 in a crimped configuration can be 
sheathed within the pod 134. The pod 134 may be formed of 
a plurality of sheath layers (collectively 131) that may be 
reflowed to form a solid wall of material. Forming the pod 134 
from a plurality of sheath layers that are reflowed allows a 
way to bond the pod 134 to a transition 135 and maintain 
constant an outside diameter at a junction between the pod 
134 and the transition 135. FIG. 4D1 provides a side cross 
sectional view of a portion of the pod 134, the transition 135, 
and the outer sheath 126. FIG. 4D2 provides an enlarged 
cross-sectional view of the same. In the embodiment shown in 
FIGS. 4D1 and 4D2, the pod 134 may comprise three sheath 
layers 131a, 131b, 131c, an outer sheath layer 131a, a mid 
jacket sheath layer 131b, and a liner sheath layer 131c. These 
sheath layers 131 may form a wall of the pod 134. The liner 
sheath layer 131c may be a 0.005" polytetrafluoroethylene 
(PTFE) liner, configured to limit frictional forces between a 
sheathed stent and an inner surface of the pod 134. The mid 
jacket sheath layer 131b may be 0.005" 55D Pebax and may 
provide structural reinforcement to the wall of the pod 134. 
The outer sheath layer may be 0.010" 55D Pebax. The three 
layers can be reflowed with heat to fuse or meld them together 
and make them one solid wall of material. 

0114. The transition 135 may be molded, for example of 
Pebax, to taper from an outer diameter approximately equal to 
the outer diameter of the pod 134 to an outer diameter 
approximately equal to the outer diameter of the outer sheath 
126. The outer sheath layer 131a may slide over a larger, 
distalend of the transition 135 while the midjacket layer 131b 
may abut against the distal end of the transition 135. When 
reflowed, the outer sheath layer 131a, a mid jacket sheath 
layer 131b, and a liner sheath layer 131c may fuse or meld 
together and also fuse or meld to the transition 135 and may 
form a single integral wall of the pod 134. 
0115 The panchor 128 is configured to secure the stent 10 
within the pod 134. The panchor 128 may function as both a 
pusher and an anchor to restrict movement of the stent both 
proximally and distally relative to the panchor 128. More 
specifically, the panchor is configured to push against the 
stent 10 as a force in a proximal direction is exerted on the 
stent and configured to anchor the stent 10 as a force in a distal 
direction is exerted on the stent 10. The panchor 128 may 
include one or more annular flanges about an outer circum 
ference of the panchor 128. The one or more annular flanges 
may engage the inner Surface of the stent at one or more 
positions longitudinally along the stent 10. In one embodi 
ment, the one or more annular flanges may have five sides, 
Such that an apex between each of the sides is configured to 
engage an inner Surface of the stent 10 between connectors of 
the scaffolding structure of the stent 10. The panchor 128 is 
shown in FIGS. 14A-14H, and will be described in greater 
detail below with reference to the same. 

0116. The middle sheath 124 is positioned around the 
inner member 122 in abutment with the rigid support tube 108 
and the panchor 128. The middle sheath 124 may function as 
a space-filler between the inner member 122 and the outer 
sheath 126. By filling the space between the inner member 
122 and the outer sheath 126, the middle sheath 124 can 
provide additional structural support for the inner member 
122 against buckling, crimping, and other undesired bending 
and/or collapse of the inner member 122 and/or the outer 
sheath 126. In particular, pressure on the inner member 122 
created by forces in the longitudinal direction of the inner 
member 122 during deployment of a stent can cause the inner 
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member 122 to buckle, crimp, or otherwise bend in an unde 
sirable fashion. The middle sheath 124 and the outer sheath 
126 (in abutment with the middle sheath 124) provide addi 
tional structural Support against buckling, crimping or other 
undesired bending of the inner member 122. 
0117. The inner assembly 140 (shown in FIG. 4B) may 
remain substantially fixed (in the proximal and distal direc 
tions) relative to the handle 106. The outer sheath 126 is 
retracted proximally over the inner assembly 140 to expose 
the distal region of the inner assembly 140. The trigger assem 
bly 102 may facilitate proximal retraction of the outer sheath 
126. 

0118. The outer sheath 126 may substantially encase the 
inner assembly 140, or at least a distal region of the inner 
assembly 140. In the illustrated embodiment, when the stent 
delivery device 101 is in the fully sheathed delivery configu 
ration, the outer sheath 126 may abut a distal portion of the tip 
132 and extend proximally toward a proximal end of the 
middle sheath 124, where the outer sheath 126 may couple to 
the internal connector 120. As can be appreciated, in other 
embodiments the outer sheath 126 may extend proximally to 
a greater or lesser degree as a function of the positioning of 
and/or coupling to, the internal connector 120 and/or the 
distal trigger 116. The outer sheath 126 may be formed of a 
flexible material. Such as nylon, which can be manipulated 
into a body lumen of a patient. In other embodiments, the 
outer sheath 126 may be formed of other flexible materials, 
including but not limited to polyethylene, Pebax, polypropy 
lene, and Teflon. 
0119 The outer sheath 126 may couple to the smaller, 
proximal end of the transition 135, as shown in FIGS. 4D1 
and 4D2. The outer sheath 126 may be formed of, for 
example, two layers 127a. 127b of Pebax and may be config 
ured to couple to the proximal end of the transition 135 
similar to the coupling of the pod 134 to the distal end of the 
transition 135. An outer layer 127a may fit over the outer 
diameter of the proximal end of the transition 135 while an 
inner layer 127b may abut against the proximal end of the 
transition 135. The two layers may be reflowed and fused or 
melded together and to the transition 135. 
0.120. The outer supports 110 may support and/or provide 
a housing for the trigger assembly 102. The outer Supports 
110 may include a plurality of elongate shafts secured to 
and/or extending from the handle 106. The outer supports 110 
may be configured to provide a guide for a plurality of triggers 
114, 116, a housing for the trigger assembly 102, and a 
structure against which the trigger safety 142 can secure the 
triggers 114, 116. In the illustrated embodiment, the outer 
supports 110 include an upper outer support 110a and a lower 
outer support 110b (collectively 110), each configured in a 
half cylindrical shape. The outer supports 110 may mate 
together to form a housing around a portion of the proximal 
end of the outer sheath 126, the internal connector 120, the 
floater 118, and a proximal portion of the inner assembly 140. 
I0121 The outer supports 110 also provide a support struc 
ture for the triggers 114, 116. The triggers 114, 116 may be 
mounted on and/or positioned around the outside of the outer 
supports 110 and are slidably movable, proximally and/or 
distally relative to the outer supports 110. The outer supports 
110 also may be configured to form or otherwise provide one 
or more trigger guide slots 150 (shown in FIG. 4A) to restrict 
rotational movement of the triggers about a longitudinal axis 
of the outer supports 110. The trigger guide slots 150 also 
provide a track or guide for the triggers 114,116 as they move 
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proximally and/or distally relative to the outer supports 110. 
A proximal end of the outer supports 110 may couple to the 
handle 106 and a distal end of the outer supports may couple 
to the sheathing grip 112. The outer supports 110 may also 
provide one or more trigger safety notches 144 configured to 
be engaged by the trigger safety 142 to limit proximal move 
ment of the distal trigger 116. In the illustrated embodiment, 
the trigger safety notches 144 are adjacent to the trigger guide 
slots 150. In another embodiment, one or more trigger safety 
notches may be positioned separate from the trigger guide 
slots 150. 

0122) The sheathing grip 112 may couple to the outer 
supports 110 and may slidably abut against the outer sheath 
126. The sheathing grip 112 may be molded of soft Pebax to 
provide flexibility. The sheathing grip 112 may be configured 
to relieve strain on the outer sheath 126 as the tubular member 
104 is manipulated during insertion into a patient's body. 
Specifically, the sheathing grip 112 may be configured to 
allow the outer sheath 126 to be displaced at an angle to the 
outer supports 110 without kinking the outer sheath 126. This 
translates to allowing the user to position, for example, a 
distal portion of the outer sheath 126 at an angle to a main axis 
of the handle 106 and triggers 114, 116 without kinking the 
outer sheath 126. If the outer sheath 126 is kinked, then the 
stent may not deploy. The strain relief component guards 
against kinking of the outer sheath. The sheathing grip 112 
may also allow the outer sheath 126 to slidably move longi 
tudinally for sheathing and deployment of the stent. 
(0123. The internal connector 120 may couple the outer 
sheath 126 and the distal trigger 116. The internal connector 
120 may bearigid elongate tubular structure. In the illustrated 
embodiment, one or more protrusions 152 on the internal 
connector 120 near the proximal end extend radially outward 
to engage the distal trigger 116. The internal connector 120 
may be positioned within the housing formed by the outer 
supports 110. A distal portion of the internal connector 120 
may be bonded to or otherwise coupled to the outer sheath 
126. Accordingly, proximal movement of the internal con 
nector 120 causes proximal movement of the outer sheath 126 
relative to the inner member 122. Proximal movement of the 
outer sheath 126 relative to the inner member 122 results in 
deployment of a stent 10 sheathed within the pod 134. Simi 
larly, distal movement of the outer sheath 126 relative to the 
inner member 122 causes distal movement of the internal 
connector 120. In one embodiment the internal connector 120 
may be partially inserted into a lumen of the outer sheath 126, 
such that an outer surface of the internal connector 120 is 
bonded to an interior surface of the outer sheath 126. In 
another embodiment, the outer sheath 126 may be received 
into the lumen of the internal connector 120, such that an 
interior surface of the internal connector 120 is bonded to an 
outer surface of the outer sheath 126. In still another embodi 
ment, a distal edge of the internal connector 120 may be 
bonded to a proximal edge of the outer sheath 126. In still 
other embodiments, a coupling mechanism, such as barbs, a 
pin, or the like may couple the internal connector 120 to the 
outer sheath 126. 

0.124. The internal connector 120 may further include a 
floater engagement Surface 153 configured to be engaged by 
the floater 118 as it moves proximally relative to the internal 
connector 120. In the illustrated embodiment, the floater 
engagement Surface may be at a proximal end of a floater 
engagement channel 160 in the internal connector 120. The 
internal connector 120 may include a pair of floater engage 
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ment channels 160 configured to receive and guide a pair of 
barbed prongs 176 of the floater 118. As the barbed prongs 
176 move proximally within the floater engagement channels 
160, the barbs 178 may engage the floater engagement sur 
face 153. Accordingly, proximal movement of the floater 118 
past a given distance may result in proximal movement of the 
internal connector 120. The given distance past which proxi 
mal movement of the floater 118 results in proximal move 
ment of the internal connector 120 may be the length of the 
floater engagement channel 160. As can be appreciated, in 
another embodiment the floater engagement surface 153 may 
also be positioned on the distal trigger 116. 
0.125. The distal trigger 116 may include a ring-shaped 
base with a pair of finger holds extending radially outward 
from the outer surface of the base directly opposite one 
another. The distal trigger 116 is configured to engage or 
otherwise couple to the internal connector 120. The proximal 
trigger 114 may be configured similar to the distal trigger 116. 
having a ring-shaped base and a pair offinger holds extending 
radially outward from the outer surface of the base directly 
opposite one another. The proximal trigger 114 is configured 
to engage or otherwise couple to the floater 118. The proximal 
trigger 114 and distal trigger 116 are shown in FIGS. 10A and 
10B, respectively, and described in greater detail below with 
reference to the same. 
0.126 The floater 118 may comprise a tubular shaft having 
a distal engagement mechanism 172 and a proximal engage 
ment mechanism 174. In the illustrated embodiment, the dis 
tal engagement mechanism 172 may be one or more barbed 
prongs 176 at the distal end of the floater 118. The barbed 
prongs 176 may include outwardly protruding barbs 178. The 
barbs 178 may be configured to engage the distal trigger 116 
and/or the proximal end of the internal connector 120 as the 
floater 118 is retracted proximally. For example, proximal 
movement of the floater 118 past a given distance may result 
in the barbs 178 engaging the floater engagement surface 153 
of the internal connector 120 and in turn may result in proxi 
mal movement of the internal connector 120. The given dis 
tance may be approximately the length of the floater engage 
ment channel 160 of the internal connector 120. 

I0127. The barbs 178 may also be configured to allow the 
floater 118 to move distally and to telescope into the internal 
connector 120. For example, the barbs 178 may be configured 
to slide distally for the length of the floater engagement chan 
nel 160. The given distance may also be approximately 
equivalent to the length of the floater 118, such that the distal 
trigger 116 and internal connector 120 can be moved proxi 
mally relative to the floater 118 and proximal trigger 114 a 
length of the floater 118 until the distal trigger 116 is drawn 
into abutment with the proximal trigger 114. This enables 
serial retraction of the distal trigger 116 following retraction 
of the proximal trigger 114. 
I0128 Stated differently, the distal engagement mecha 
nism 172 may allow the floater to move distally relative to the 
distal trigger 116 and the internal connector 120 (and tele 
Scope into the internal connector 120). The distal engagement 
mechanism 172 may also limit proximal movement of the 
floater relative to the distal trigger 116 and the internal con 
nector 120 because the barbs 178 of the distal engagement 
mechanism 172 engage the internal connector 120 (at the 
proximal end) and/or engage the distal trigger 116. Described 
still another way, the distal engagement mechanism 172 may 
allow the distal trigger 116 and the internal connector 120 to 
move proximally relative to the floater 118 (and proximal 
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trigger). Such that the distal trigger 116 can be retracted 
proximally toward the proximal trigger 114 to enable serial 
retraction of the proximal trigger 114 and distal trigger 116. 
Serial retraction of the triggers 114, 116 will be described in 
greater detail below with reference to FIGS. 8A1-8A2, 8B1 
8B2, and 8C1-8C2. 
0129. In the illustrated embodiment, the proximal engage 
ment mechanism 174 may include a flange or lip around the 
circumference of the floater 118 at the proximal end. The 
proximal engagement mechanism 174 may be configured to 
engage a floater engagement ring 170 (shown in FIG. 10A) of 
the proximal trigger 114. Such that proximal movement of the 
proximal trigger 114 results in proximal movement of the 
floater 118. Accordingly, proximal movement of the proximal 
trigger 114 relative to the handle 106 and inner member 122 
may result in proximal movement of the floater 118, the distal 
trigger 116, the internal connector 120, and the outer sheath 
126, thereby at least partially deploying the stent 10. Deploy 
ment of the stent 10 is described in greater detail below with 
reference to FIGS. 8A1-8A2, 8B1-8B2, 8C1-8C2, and 8D. 
0130 FIGS. 5A-5I are perspective views illustrating 
assembly of a sheathing mechanism 201 at a distal region of 
the stent delivery system 100 of FIG. 1, sheathing of a stent 
10, and disassembly of the sheathing mechanism 201, prepa 
ratory to performing a stent implantation procedure. The 
delivery device 100 begins in a partially sheathed configura 
tion in FIG.5A and ends in a fully sheathed delivery configu 
ration in FIG. 5I. The components of the sheathing mecha 
nism 201 are described referring collectively to FIGS. 3 and 
SA-SD. 
0131 FIG. 5A is a perspective view of the stent delivery 
system 100 illustrating the sheathing tube 202 and sheathing 
funnel 204 disposed over the outer sheath 126 of the tubular 
member 104. The sheathing tube 202 may have a tube-like 
cylindrical shape. The inner diameter of a lumen of the 
sheathing tube 202 may be sized and shaped to be positioned 
over an outer diameter of a distal region of the outer sheath 
126 and/or the pod 134 of the delivery device 101. Further 
more, the sheathing tube 202 lumen may have an inner diam 
eter configured to allow the sheathing tube 202 to be slidably 
moveable relative to the outer sheath 126 and/or the pod 134. 
In the illustrated embodiment, the sheathing tube 202 may 
slide relative to the outer sheath 126 and relative to the pod 
134 without interference. 
0132) The sheathing funnel 204 may be disposed at a distal 
end of the sheathing tube 202. A proximal end of the sheath 
ing funnel 204 may be coupled to the sheathing tube 202 in a 
manner that the inner diameter of the sheathing funnel 204 at 
the proximal end is approximately equivalent to the inner 
diameter of the sheathing tube 202 at the distal end. The 
sheathing funnel 204 may have an internal taper configured to 
guide an expanded portion of a stent 10 and the sheathing 
fingers 206 into the sheathing tube 202. Accordingly, the 
distal end of the sheathing funnel 204 may have an inner 
diameter that is larger than the inner diameter of the proximal 
end of the sheathing funnel 204 and the inner diameter tapers 
from the distal end to the proximal end. 
0133. The sheathing funnel 204 may include ribs 222 dis 
posed on an internal Surface of the sheathing funnel 204 and 
extending in a direction generally from the distal end to the 
proximal end of the sheathing funnel 204. The ribs of the 
sheathing funnel 204 are shown in greater detail in FIGS. 
12A-12C and described in greater detail below with reference 
to the same. The ribs 222 may interact with the sheathing 
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fingers 206 to cause the sheathing fingers 206 to align with the 
ribs 222, such that a flared region 212 of the sheathing fingers 
is positioned on either side of each rib 222 and the ribs are 
positioned in the gaps between the flared regions 212. The 
ribs also interact with the stent 10 during sheathing. The 
sheathing funnel 204, and particularly the ribs 222, guides the 
stent 10 and the sheathing fingers 206 into the sheathing tube 
202 to crimp the stent 10 during (or substantially contempo 
raneous with) sheathing. The crimped stent 10 can then be 
drawn into and sheathed within the pod 134. 
I0134 FIG. 5B illustrates the sheathing fingers 206 
assembled and arranged around and/or in engagement with a 
distal region of the outer sheath 126 (see e.g., FIG.5A) and/or 
the pod 134. The flared portions 212 of the sheathing fingers 
206 are disposed around the outer diameter of an unsheathed 
portion of the stent 10. The sheathing fingers 206, as men 
tioned, interact with the sheathing funnel 204 to aid in draw 
ing the stent 10 into the sheathing tube 202 to crimp and 
sheath the stent in the pod 134. In the illustrated embodiment, 
the sheathing mechanism 201 includes a plurality of sheath 
ing fingers 206 (e.g., two halves). The sheathing fingers 206 
may each include a base portion 214 and a flared portion 212. 
The base portions 214 of the plurality of sheathing fingers 206 
may be configured to couple together to at least partially 
surround a distal region of the outer sheath 126 and/or the pod 
134. The base portions 214, when coupled together around 
the outer sheath 126 may also be configured to be received 
into the sheathing tube 202, such that the base portions 214 
can be disposed between the outer sheath 126 (and/or the pod 
134) and the sheathing tube 202. FIG. 5B illustrates the 
sheathing tube 202 drawn up around a portion of the base 
portions 214 of the sheathing fingers 206. 
I0135) In the illustrated embodiment, a proximal end of the 
base portions 214 forms an inner taper configured to abut 
against a corresponding tapered region at the transition 
between the outer sheath 126 and the pod 134. The inner taper 
of the base portions 214 may limit distal movement of the 
sheathing fingers 206 relative to the tubular member 104 of 
the stent delivery device 101, particularly during sheathing, 
which may result in pulling the pod 134 over the compressed 
Stent 10. 

I0136. The flared portions 212 (FIGS. 3 and 5A) may be 
configured to extend distally beyond the distal end of the 
outer sheath 126 and extend along a length of an unsheathed 
portion of the stent 10 beyond a distal end of the stent 10. The 
flared portions 214 may be arranged circumferentially about 
an outer diameter of the unsheathed portion of the stent 10. 
The flared portions 212 may be configured to collapse axially 
inward, toward a longitudinal axis of the stent 10 extending 
through the center of the lumen of the stent 10, as the flared 
portions 212 of the sheathing fingers 206 are drawn into the 
sheathing funnel 204 and/or sheathing tube 202 during a 
sheathing action. As the flared portions 212 collapse 
inwardly, they compress the stent 10 to an outer diameter less 
than the inner diameter of the pod 134. The pod 134 can then 
be drawn over the compressed stent 10 to a fully sheathed 
delivery configuration. 
0.137 In the illustrated embodiment, the flared portions 
212 are divided into two elongate projections 216 forming a 
gap 217 in between the projections 216. As described, ribs 
222 on an inner Surface of the sheathing funnel 204 may align 
with the gaps 217 between the projections 216 to guide the 
flared portions 212 as they are drawn into the sheathing funnel 
204. The gaps 217 may allow the flared portions 212 to 
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collapse and narrow (e.g., reduce the outer diameter) as the 
projections 216 are drawn into and received into the sheathing 
funnel 204 and sheathing tube 202. The distal end of each 
projection 216 may include a flange 218 configured to couple 
to or otherwise receive the tip insertion funnel 208. 
0138 FIG. 5C illustrates the tip insertion funnel 208 
coupled to the distal ends of the sheathing fingers 206. In 
particular, the tip insertion funnel 208 may be configured to 
couple to the flanges 218 (see e.g., FIG. 5B) at the distal ends 
of the elongate projections 216 of the flared portions 212 of 
the sheathing fingers 206. The tip insertion funnel 208 tapers 
from a large distal opening 260 to a relatively small proximal 
opening. The tapered shape of the tip insertion funnel 208 aids 
to guide insertion of the distal inner segment 136 of the inner 
member 122 as the distal inner segment 136 is inserted 
through the valve 12 of the stent 10 and into the panchor 128. 
As described above, the valve 12 may be formed of an easily 
deformed polymer. The tip insertion funnel 208 precisely 
guides the proximal end of the distal inner segment 136 
retrograde through the valve 12 to avert undesired contact 
and/or damage, for example, to leaflets of the valve 12 or 
other portion of the valve 12, as a result of imprecise insertion 
of the distal inner segment 136. The connection member 138 
at the proximal end of the distal inner segment 136 may be 
relatively sharp and/or pointed. As can be appreciated, even a 
relatively small force focused on the relatively narrow point 
of the connection member 138 can multiply the force and 
cause damage to the valve 12 and/or plastically deform the 
valve 12. The tip insertion funnel 208 provides a precise guide 
to properly insert the distal inner segment 136 through the 
valve 12 without causing damage or deformation. The stent 
delivery system 100 is in a partially sheathed configuration 
for storage and/or transport. With the aid of the tip insertion 
funnel 208, the tip 132 and distal inner segment 136 can 
readily be inserted by a practitioner. The tip insertion funnel 
208 is shown in greater detail in FIGS. 15A-15C and is 
described below with reference to the same. 
0139 FIG.5D illustrates the stent delivery system 100 in 
a partially sheathed configuration with the tip 132 and distal 
inner segment 136 inserted. The connection member 138 at 
the proximal end of the distal inner segment 136 is inserted 
through the tip insertion funnel 208, through the stent 10, 
including the valve 12, and into the panchor 128 (not visible 
in FIG.5D, but see FIG.3). The sheathing mechanism 201 of 
the stent delivery system 100 is fully assembled at a distal 
region of the stent delivery device 101. The trigger safety 142 
is positioned to prevent premature full deployment of the 
partially sheathed stent 10 before the sheathing process that 
will fully sheathe the stent. The trigger safety 142 is posi 
tioned in engagement with the first trigger safety notch 144a 
(hidden from view in FIG. 5D, but viewable in FIG. 3 and 
FIG. 4A). During sheathing of the stent, the trigger safety 142 
will transition to the second trigger safety notch 144b. The tip 
insertion funnel 208 can be detached from the sheathing 
fingers 206 prior to sheathing. 
0140 FIG. 5E1 illustrates the tip insertion funnel 208 
removed from the distal ends of the sheathing fingers 206, 
preparatory to sheathing. The tip insertion funnel 208 may be 
detached from the flanges 218 and/or the sheathing fingers 
206 and opened to slide over the inserted tip 132. 
0141 FIG.5E2 illustrates an end view of the distal end of 
the stent delivery system 100 with the sheathing mechanism 
201 positioned as in FIG.5E1. The flared portions 212 of the 
sheathing fingers 206 are in a flared state and the flanges 218 
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at a distal end of the elongate projections 216 are extended 
outward beyond an outer perimeter of the sheathing funnel 
204. Other components are shown on the drawing for refer 
CCC. 

0.142 FIG. 5F1 illustrates the beginning of a sheathing 
action. A user, Such as a medical practitioner, may grasp in 
one hand the sheathing tube 202 and/or sheathing funnel 204 
of the assembled sheathing mechanism 201 and grasp in the 
other hand the sheathing grip 112 of the stent delivery device 
101. The user may push the sheathing tube 202 of the sheath 
ing mechanism 201 forward toward the distal end of the stent 
delivery system 100. In other words, the user may push or 
otherwise move (displace) the sheathing tube 202 and sheath 
ing funnel 204 in a distal direction with the first hand and 
away from the second hand and the sheathing grip 112, while 
restraining distal movement of the sheathing grip 112. 
0.143 Alternatively and/or in addition, the practitioner can 
pull the sheathing grip 112 back in a proximal direction 
toward the handle 106 at the proximal end of the stent delivery 
system 100. The sheathing funnel 204 and/or the sheathing 
tube 202 and/or the sheathing fingers 206 pull the pod 134 
over the crimped stent 10. The pod 134 in turn pulls and 
moves the outer sheath 126, the internal connector 120 (not 
visible in FIG.5F1), the trigger safety 142, the distal trigger 
116, the floater 118 (not visible in FIG.5F1), and the proxi 
mal trigger 114, all in a distal direction relative to the handle 
106 and the tip 132. The displacement also occurs relative to 
the components of the internal assembly, although the com 
ponents of the internal assembly are not viewable, including 
the middle sheath 124, the panchor 128, the inner member 
122, and the distal inner segment 136. Arrows indicate the 
direction of the resulting movement relative to the handle 
106. FIG.5F1 illustrates the sheathing tube 202 and sheathing 
funnel 204 moved slightly relative to FIG.5E1. The sheathing 
funnel 204 is drawn over the flared portions of the sheathing 
fingers, including the flanges 218. FIG.5F1 also illustrates a 
displacement of the trigger safety 142, the distal trigger 116 
and the proximal trigger 114. 
014.4 FIG.5F2 illustrates an end view of the distal end of 
the stent delivery system 100 with the sheathing mechanism 
201 positioned as in FIG.5F1. The flanges 218 at a distal end 
of the elongate projections of the flared portions of the sheath 
ing finger are drawn into and within an outer perimeter of the 
sheathing funnel 204. Other components are shown on the 
drawing of FIG.5F2 for reference. 
0145 FIG.5F3 is an enlarged sectional view of the sheath 
ing funnel 204 and/or the sheathing tube 202 with the flanges 
218 disposed within the sheathing funnel 204. Further distal 
movement of the sheathing tube 202 and/or sheathing funnel 
204 cause the flanges 218 to engage against the collar 205 
disposed within the sheathing funnel 204 and/or the sheathing 
tube 202. 
0146 FIG.5G1 illustrates another phase of the sheathing 
action. The sheathing tube 202 and/or sheathing funnel 204 
are moved distally over the pod 134, the stent 10, the tip 132, 
and the flared portions 216 of the sheathing fingers 206 (not 
shown in FIG.5G1 for clarity). Relative displacement of the 
sheathing tube 202 and/or sheathing funnel 204 can be seen in 
comparison to FIG. 5F1. Pushing the sheathing tube 202 
and/or sheathing funnel 204 may cause movement of the 
sheathing tube 202 and/or sheathing funnel 204 over the stent 
10 and sheathing fingers 206 to crimp the stent 10 and/or 
collapse the sheathing fingers 206 inwardly. In addition, 
movement of the sheathing tube 202 and/or sheathing funnel 
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204 over the stent 10 and sheathing fingers 206 may pull the 
outer sheath 126 over the crimped stent 10. The flanges 218 of 
the sheathing fingers 206 may engage the collar 205 within 
the inner surface of the tapered sheathing funnel 204 and/or 
the sheathing tube 202. The engagement of the flanges 218 
with the collar 205 may cause the distal movement of the 
sheathing funnel 204 and/or the sheathing tube 202 to move 
the sheathing fingers 206, which in turn move the outer sheath 
126 distally to sheath the crimped stent 10. 
0147 Again, movement of the outer sheath 126 relative to 
the handle may in turn result in displacement of the internal 
connector 120 (not visible in FIG. 5G1), the trigger safety 
142, the distal trigger 116, the floater 118 (not visible in FIG. 
5G1), and the proximal trigger 114, all in a distal direction 
relative to the handle 106 and the tip 132. Arrows indicate the 
direction of the resulting movement relative to the handle 
106. 

0148. The distal movement of the sheathing tube 202 and 
sheathing funnel 204 collapses the sheathing fingers 206, 
which crimps or compresses the stent 10 to a diameter smaller 
than the inner diameter of the pod 134. The distal movement 
of the sheathing tube 202 and sheathing funnel 204 also pulls 
the pod 134 over the compressed stent 10 to fully sheathe the 
stent 10. When the trigger safety 142 reaches a second trigger 
safety notch 144b (FIGS. 5E1 and 5F1), it may make an 
audible click to indicate that the stent 10 is fully sheathed and 
the stent delivery system 100 is in the fully sheathed delivery 
configuration. In FIG.5G1, the outer sheath 126, the trigger 
safety 142, the distal trigger 116, and the proximal trigger 114 
are all shifted distally relative to the handle 106. The trigger 
safety 142 is positioned to engage the second trigger safety 
notch 144b. Although not visible in the view of FIG.5G1, the 
internal connector 120 and the floater 118 are also shifted 
distally. 
014.9 FIG.5G2 illustrates an end view of the distal end of 
the stent delivery system 100 with the sheathing mechanism 
201 positioned as in FIG.5G1. The flanges 218 at a distal end 
of the elongate projections of the flared portions of the sheath 
ing finger are more fully drawn into the sheathing funnel 204 
and are entirely collapsed inward and abutting each other. The 
flanges 218 may be engaging the collar 205 disposed within 
the sheathing funnel 204 and/or the sheathing tube 202. 
0150 FIG. 5G3 is an enlarged sectional view of the 
sheathing funnel 204 and/or the sheathing tube 202 with the 
flanges 218 engaged against the collar 205 disposed within 
the sheathing funnel 204 and/or the sheathing tube 202. The 
collar 205 causes distal movement of the sheathing funnel 
204 and/or the sheathing tube 202 to distally displace the 
sheathing fingers 206, thereby distally moving the outer 
sheath 126 to sheathe the crimped stent 10. 
0151 FIGS. 5H and 5I illustrate disassembly of the com 
ponents of the sheathing mechanism 201 (see FIG. 2), prepa 
ratory to an implantation procedure to implant the stent 10. In 
FIG. 5H, the sheathing tube 202 and/or sheathing funnel 204 
are shown retracted proximally to expose the sheathing fin 
gers 206 and/or the pod 134, such that the sheathing fingers 
206 can be removed. The sheathing fingers 206 are shown 
separated and detached from around the pod 134. The pod 134 
is slid over an entire length of the stent 10, thereby sheathing 
the stent. 
0152 FIG. 5I illustrates the sheathing tube 202 and 
sheathing funnel 204 pulled over the pod 134 and tip 132 and 
removed from the tubular member 104 of the stent delivery 
device 101. The stent delivery device 101 is now in a fully 

May 9, 2013 

sheathed delivery configuration and ready for use in a proce 
dure to deploy the stent 10 in a target lumen of a patient 
needing treatment. 
O153 FIGS. 6A1-6A2, 6B1-6B2, 6C1-6C2, and 6D1-6D2 
are cross-sectional views of the stent delivery system of FIG. 
1, at various positions during sheathing of apartially sheathed 
stent 10 to transition the stent delivery system 100 from a 
partially sheathed configuration to a fully sheathed delivery 
configuration. 
0154 FIG. 6A1 is a side view of the stent delivery system 
100 in a partially sheathed configuration and a similar con 
figuration as in FIG. 5E1. FIG. 6A2 is an enlarged cross 
sectional side view of a distal region of the stent delivery 
system 100. Referring generally and collectively to FIGS. 
6A1 and 6A2, the stent delivery system 100 is prepared for the 
sheathing process. The tip 132 and distal inner segment 136 
are inserted into the panchor 128 and the stent 10 is partially 
sheathed within the pod 134. The pod 134 is at position 
Ppod and partially enclosing a crimped or compressed por 
tion of the stent 10. In other words, the stent 10 is partially 
sheathed. The valve 12 is in an uncompressed, uncrimped, 
and unsheathed portion of the stent 10, such that the valve is 
in a natural (e.g., undeformed) operable configuration and not 
Subject to forces that may induce plastic deformation. The 
trigger safety 142 is engaged around the outer Supports 110 at 
a first trigger safety notch 144a (not visible in FIG. 6A1, but 
see FIG. 6B1) at position Pt. A second trigger safety notch 
144b is visible. The distal trigger 116 is positioned adjacent 
the trigger safety 142 at position Pd. The proximal trigger 
114 is positioned at position Pp. Substantially in abutment 
with the handle 106 and at or toward a proximal end of the one 
or more trigger guide slots 150 of the outer supports 110. 
(O155 FIG. 6B1 is a side view of the stent delivery system 
100 partially through the sheathing process and in a similar 
position as in FIG. 5F1. FIG. 6B2 is an enlarged cross-sec 
tional side view of the distal region of the stent delivery 
system 100 showing the stent 10 being drawn into and 
sheathed within the pod 134. Referring generally and collec 
tively to FIGS. 6B1 and 6B2, as the sheathing tube 202 and 
the sheathing funnel 204 are moved distally relative to the 
handle 106, the outer sheath 126, the trigger safety 142, the 
distal trigger 116, and the proximal trigger 114 also move 
distally relative to the handle 106. The pod 134 may be 
slightly displaced from position Pipod and is now at position 
Pipod. The displacement may be due to frictional forces (as 
depicted) or may be due to the flanges 218 engaging and being 
moved by the sheathing funnel 204 and/or the sheathing tube 
202. Also, the trigger safety 142 is displaced from position 
Pt to position Pit, distally toward the second trigger safety 
notch 144b. Similarly, the distal trigger 116 is displaced dis 
tally from position Pd to position Pd and the proximal 
trigger 114 is displaced from position Pip to position Pp. 
Although not visible in FIG. 6B1, the internal connector 120 
and the floater 118 also move distally. More particularly, the 
sheathing tube 202 and sheathing funnel 204 are pushed 
distally, in turn pulling the pod 134 from position Pipod to 
position Pipod, the outer sheath 126 the internal connector 
120, the trigger safety 142 from position Pt to position Pt. 
the distal trigger 116 from position Pd to position Pip, the 
floater 118 and the proximal trigger 114 from position Pip to 
position Pp. The movement of these components may con 
tinue until the trigger safety 142 engages the second trigger 
safety notch 144b. An audible click may be made by the 
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trigger safety 142 as it engages the second trigger safety notch 
144b. The first trigger safety notch 144a is now visible. 
0156 FIG. 6C1 is a side view of the stent delivery system 
100 at a completion of distal movement of the sheathing tube 
202 and the sheathing funnel 204 during the sheathing pro 
cess and in a similar position as in FIG.5G1. FIG. 6C2 is an 
enlarged cross-sectional side view of the pod 134 and the 
stent 10 sheathed within the pod 134. Referring generally and 
collectively to FIGS. 6C1 and 6C2, the stent 10 is fully 
sheathed. The pod 134 is now displaced from position Pipod 
to position Pipods. Additional distal displacement of the 
sheathing tube 202 and/or sheathing funnel 204 resulted in 
abutment of the flanges 218 with the collar 205 disposed 
within the sheathing tube 202 and/or sheathing funnel 204. 
The collar 205 in turn transfers force in the longitudinal 
direction to the flanges 218, resulting in longitudinal move 
ment of the sheathing fingers 206 and movement of the pod 
134 over the crimped stent 10 from position Pipod to posi 
tion Pipod. The distal trigger 116 and proximal trigger 114 
are also shifted distally in preparation for retraction to deploy 
the stent 10. Specifically, the distal trigger 116 is now shown 
displaced distally from position Pd to position Pd and the 
proximal trigger 114 is displaced from position Pp to posi 
tion Pp. Although not visible in FIG. 6C1, the internal 
connector 120 and the floater 118 are also displaced distally. 
The trigger safety 142 is displaced from position Pt to posi 
tion Pts in engagement with the second trigger safety notch 
144b to limit (e.g., prevent) inadvertent deployment of the 
stent 10. The flanges 218 of the sheathing fingers 206 are also 
engaged with the collar 205 that may be disposed within the 
sheathing funnel 204 and/or the sheathing tube 202. Accord 
ingly, further distal movement of the sheathing funnel 204 
and/or the sheathing tube 202 may result in distal movement 
of the sheathing fingers 206, which in turn results in distal 
movement of the pod 134 and outer sheath 126. 
(O157 FIG. 6D1 is a side view of the stent delivery system 
100 in a fully sheathed delivery configuration similar to the 
configuration in FIG. 5I. FIG. 6D1 illustrates the sheathing 
tube 202, sheathing funnel 204 and the sheathing fingers 206 
removed after the sheathing process. FIG. 6D2 is an enlarged 
cross-sectional side view of the distal region of the stent 
delivery system 100 with the stent 10 fully sheathed within 
the pod 134. Referring generally and collectively to FIGS. 
6D1 and 6D2, the one or more spacers 121a, 121b, 121c 
(collectively 121) can be seen positioned around a portion of 
the distal inner segment 136. The spacers 121 may be free 
floating around (e.g., coaxially with) a portion of the distal 
inner segment 136. The spacers 121 may provide a surface or 
other support structure against which the panchor 128 (or 
segments of the panchor 128) may abut to restrict proximal 
and/or distal movement of the panchor 128, or segment 
thereof, relative to, for example, the tip 132. During sheathing 
of a stent, for example, forces may be exerted on the Stent in 
a distal direction, which in turn may create forces in a distal 
direction on the panchor 128, including individual segments 
of the panchor 128. The distal forces on the panchor 128 may 
cause the segments of the panchor 128, for example, to tend to 
separate. The one or more spacers 121 may restrict and/or 
prevent separation of panchor segments due to distal forces 
on the panchor 128 created during sheathing. The segments of 
a panchor 128 are shown in FIGS. 14B-14E and described 
below with reference to the same. 

0158. In one embodiment, a first spacer 121a may abut 
with and/or engage the panchor 128. The first spacer 121a 
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may have an outer diameter sized to allow the first spacer 
121a to abut and/or engage an inner Surface of the panchor 
128. The second spacer 121b may abut a distal end of the first 
spacer 121a and have an outer diameter that is larger than the 
outer diameter of the first spacer 121a. The larger diameter of 
the second spacer 121b may enable the second spacer to 
engage the panchor 128 and restrict distal movement of the 
panchor 128, including individual segments of the panchor 
128. More specifically, the second spacer 121b may have an 
outer diameter large enough to engage an inner Surface of a 
socket portion of the panchor 128 and thereby limit distal 
movement of a corresponding segment of the panchor 128, 
for example relative to the tip 132. The third spacer 121C may 
abut a distal end of the second spacer 121b and extend distally 
to abut the tip 132 and/or an outer tube portion 136b of the 
distal inner segment 136. The distal inner segment 136 may 
comprise an outer tube portion 136b and an inner tube portion 
136a positioned coaxially within the outer tube portion 136b. 
The outer tube portion 136b may extend a portion of the 
length of the distal inner segment 136 and provide a protrud 
ing Surface (e.g., protruding relative to the inner tube portion) 
against which the third spacer 121a can abut. The inner tube 
portion 136a may extend the length of the distal inner seg 
ment 136 from the tip to the connection member 138. The 
outer tube portion 136b may be bonded to the inner tube 
portion 136a. 
0159 FIG. 7A is a cross-sectional view of the stent deliv 
ery system 100 in the fully sheathed delivery configuration 
preparatory to use in a medical procedure, prior to the trigger 
safety 142 being removed. The trigger safety 142 is engaged 
around the outer Supports 110 at the second trigger safety 
notch 144b. FIG. 7A portrays an interrelation of various 
components of the stent delivery system 100, including but 
not limited to the handle 106, the outer supports 110, the 
floater 118, the triggers 114, 116, the trigger safety 142, the 
internal connector 120, the sheathing grip 112, the outer 
sheath 126, the middle sheath 124, the inner member 122, the 
panchor 128, the pod 134 and the tip 132. FIG. 7B is a 
close-up cross-sectional view of the stent 10 in a compressed 
configuration within the pod 134. The panchor 128 may 
include an anchor 198 configured to be positioned between 
connectors 18 of the stent 10 that interconnect annular seg 
ments 14 (or rows of struts 16 or strut arms) in a scaffolding 
structure of the stent 10. The anchors 198 may engage the 
distal ends of the struts 16 and thereby engage the stent 10 to 
limit distal movement of the stent 10 relative to the panchor 
128. For example, the anchors 198 may be arranged radially 
to be positioned circumferentially between the connectors 18. 
The stent 10 is compressed around the panchor 128 and/or the 
distal inner segment 136. The spacers 121a, 121b, 121c, may 
be disposed between the distal inner segment 136 and the 
panchor 128 and/or the stent 10. 
(0160 FIGS. 8A1-8A2, 8B1-8B2, 8C1-8C2, and 8D are 
side longitudinal cross-sectional views of the trigger assem 
bly of the stent delivery system 100, at various positions 
during deployment of the stent 10. FIGS. 8A1-8A2, 8B1 
8B2, 8C1-8C2, and 8D illustrate operation of the proximal 
trigger 114, the floater 118, the distal trigger 116, the internal 
connector 120, and the outer sheath 126 to deploy a stent 10. 
(0161 FIG. 8A1 shows the stent delivery system 100 with 
the trigger safety 142 removed. The stent delivery system 100 
may be ready to deploy the stent 10. The pod 134 is abutting 
the tip 132 at position Pipod, completely over and fully 
enclosing the collapsed stent 10. The distal trigger 116 is 
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positioned substantially at or toward the distal end of the one 
or more trigger guide slots 150 (see e.g., FIG. 2) of the outer 
Supports 110 at position Pd. The proximal trigger 114 is 
positioned at position Pp. The trigger safety 142 is removed 
(and therefore is not shown in FIGS. 8A1-8A2, 8B1-8B2, 
8C1-8C2, and 8D), thereby allowing retraction of the triggers 
114, 116 and deployment of the stent 10 to occur. FIG. 8A2 is 
a close up view of the panchor 128 engaging the compressed 
and fully sheathed stent 10 within the pod 134. 
0162 FIG. 8B1 is a side longitudinal cross-sectional view 
of the stent delivery system 100 with the proximal trigger 114 
retracted from position Pip to position Pp. and the stent 10 
partially deployed. Proximal retraction of the proximal trig 
ger 114 results in proximal retraction of the floater 118, which 
in turn displaces the distal trigger 116 from Pd to position 
Pa. As shown, position Pd may be substantially proximate 
to position Pp. Proximal retraction of the distal trigger 116 
may result in proximal retraction of the internal connector 
120 and the outer sheath 126. Proximal retraction of the outer 
sheath 126 results in at least partial deployment of the stent 
10. The pod 134 is shown displaced proximally from position 
Pipod to position Pipod, away from the tip 132, exposing a 
portion of the stent 10. The stent 10, which is expanded in the 
area exposed outside the pod 134, is partially deployed. When 
the proximal trigger 114 is fully retracted, a practitioner can 
more easily reach the distal trigger 116. FIG. 8B2 is a close up 
view of the partially deployed stent 10 partially compressed 
within the pod 134. 
(0163 FIGS. 8C1 and 8C2 are side longitudinal cross 
sectional views of the stent delivery system 100 with the distal 
trigger 116 fully retracted from position Pd to position Pd. 
The floater 118 is telescoped into the internal connector 120. 
The pod 134 is completely retracted, from position Pipod to 
position Pipods, fully withdrawn from the stent 10 allowing 
the stent 10 to fully expand and deploy. 
0164. As described above, the design and coupling of the 
floater 118 to the internal connector 120 (and/or distal trigger 
116) allow the internal connector 120 and distal trigger 116 to 
move proximally relative to the floater 118 and the proximal 
trigger 114, thus enabling the two-trigger mechanism of the 
stent delivery system 100. The two-trigger mechanism 
enables serial retraction of the triggers 114, 116. A two 
trigger design allows an elegant, ergonomic mechanism to 
enable a practitioner to deploy alongerstent (e.g., a stent with 
a length longer than the finger span of the practitioner). The 
two-trigger design also allows a two-stage stent deployment 
process, enabling repositioning of the stent after partial 
deployment and before complete deployment. A three-trigger 
design enables deployment of still longer Stents, as described 
below with reference to FIGS. 16A, 16B, 17A, 17B, and 
18A-18C. Typically, a maximum trigger reach of a hand of a 
woman over sixty years of age in the fifth percentile is 
approximately 3.4 inches. Accordingly, the distance between 
the triggers and/or handle may be no greater than approxi 
mately 3.4 inches. Accordingly, the distance between the 
triggers and/or handle may be less than approximately 3.4 
inches. 

(0165 FIG.8D is a close-up view of the stent 10 in the fully 
expanded, deployed state within a lumen of the body. The tip 
132 and distal inner segment 136 are shown as being partially 
withdrawn proximally (in the direction of the arrows) through 
the valve 12 of the Stent 10. 

0166 FIGS. 9A and 9B are a transverse cross-sectional 
view and a longitudinal cross-sectional view, respectively, of 
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a portion of the stent delivery system 100. FIG. 9A provides 
a transverse cross-sectional view of the stent delivery system 
100 through the trigger safety 142. FIG. 9A illustrates the 
nested positioning of the trigger safety 142, the outer Supports 
110, the floater 118, the rigid support tube 108, and the inner 
member 122. 

0.167 FIG.9B provides a top longitudinal cross-sectional 
view of the stent delivery system 100. FIG.9B illustrates a 
number of component relationships, according to one 
embodiment. Looking from right to left on the figure, the 
outer sheath 126 is received into and bonded to an interior 
surface of the internal connector 120. The internal connector 
120 passes through and engages the distal trigger 116. Spe 
cifically, one or more protrusions 152 (see e.g., FIG. 3) 
extending radially outward from the internal connector 120 
engage the distal trigger 116. As shown in FIG.9B, a first pair 
of protrusions 152a are configured to engage and/or abut a 
proximal end of the distal trigger 116 and a second pair of 
protrusions 152b are configured to engage and/or abut a distal 
end of the distal trigger 116. The floater 118 couples together 
the proximal trigger 114 and the internal connector 120 and 
distal trigger 116. In the illustrated embodiment, the distal 
engagement mechanism 172 (FIG. 3) of the floater 118 
engages the internal connector 120 and the proximal engage 
ment connector 174 engages the floater engagement ring 170 
(FIG.10A) of the proximal trigger 114. The rigid support tube 
108 extends within the floater 118 and the internal connector 
120 and around the inner member 122. 

(0168 The trigger safety 142 is wrapped around or other 
wise engages the outer supports 110. Inward protrusions 188 
of the trigger safety 142 engage a trigger safety notch 144b 
formed by the outer supports 110 to limit proximal movement 
of the trigger safety 142 relative to the outer supports 110. 
Alignment ribs 189 protruding inward from an inner surface 
of the trigger safety 142 are received into the trigger guide 
slots 150 (see e.g., FIG.9A) and align the trigger safety 142. 
The alignment ribs 189 may also engage a third pair of pro 
trusions 152c on the internal connector 120 radiating out 
ward. The engagement of the alignment ribs 189 with the 
protrusions 152c of the internal connector 120 limits proxi 
mal movement of the internal connector 120 relative to the 
trigger safety 142 and the outer Supports, thereby restricting 
deployment of the stent 10. The second pair of protrusions 
152b may also be configured to engage alignment ribs 189 of 
the trigger safety, Such that distal movement of the internal 
connector 120 may result in distal movement of the trigger 
safety 142, for example during sheathing of a stent. 
(0169 FIGS. 10A and 10B are end views of the triggers 
114,116 of the stent delivery system 100 of FIG. 1. FIG. 10A 
is an end view of the proximal trigger 114 and FIG. 10B is an 
end view of the distal trigger 116. 
0170 Referring to FIG. 10A, the proximal trigger 114 
may have a ring-shaped base 164 and a pair of finger holds 
166 extending radially outward from the outer surface of the 
base 164 directly opposite one another. One or more trigger 
guides 168 may protrude radially inward from the base 164 to 
engage the trigger guide slot 150 formed by the outer Supports 
110 (FIGS. 2, 9A). The trigger guides 168 may restrict rota 
tion of the proximal trigger 114 about the outer supports 110 
while allowing proximal and distal movement of the proximal 
trigger 114. The proximal trigger 114 may also include a 
floater engagement ring 170 to engage the proximal engage 
ment mechanism 174 (FIG. 3) of the floater 118, such that 
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proximal movement of the proximal trigger 114 results in 
proximal movement of the floater 118. 
(0171 Referring to FIG. 10B, the distal trigger 116 may be 
configured similarly to the proximal trigger 114, having a 
ring-shaped base 154 with a pair offinger holds 156 extend 
ing radially outward from the outer surface of the base 154 
directly opposite one another. One or more trigger guides 158 
may protrude radially inward from the base 154 to engage the 
trigger guide slot 150 formed by the outer supports 110 
(FIGS. 2, 9A, 9B). The trigger guides 158 may restrict rota 
tion of the distal trigger 116 about the outer supports 110 
while allowing proximal and distal movement of the distal 
trigger 116. The distal trigger 116 is configured to engage or 
otherwise couple to the internal connector 120 (FIGS. 3,9A, 
9B). 
0172 FIGS. 11A and 11B are a side view and a top cross 
sectional view, respectively, of an internal connector 120, a 
distal trigger 116, a floater 118, and a proximal trigger 114 of 
the stent delivery system 100. FIGS. 11A and 11B illustrate 
the coupling relationship of the internal connector 120, the 
distal trigger 116, the floater 118, and the proximal trigger 
114. Referring collectively to FIGS. 11A and 11B, the distal 
trigger 116 couples to the internal connector 120. In the 
illustrated embodiment, the one or more outwardly extending 
protrusions 152 on the internal connector 120 mate with the 
trigger guides 158. As the distal trigger 116 is retracted proxi 
mally, toward the handle 106, the distal trigger 116 retracts 
the internal connector 120 proximally. Thus, retraction of the 
distal trigger 116 results in retraction of the outer sheath 126 
and pod 134 (FIGS. 2 and 3), which results in at least partial 
deployment of the stent 10. 
0173 The proximal trigger 114 is mechanically coupled to 
the distal trigger 116 by the floater 118. In the illustrated 
embodiment, the proximal trigger 114 further includes a 
floater engagement ring 170 coupled to the inwardly protrud 
ing trigger guides 168 (see also FIG. 10A). The floater 
engagement ring 170 may engage the proximal engagement 
mechanism 174 at the proximal end of the floater 118, such 
that proximal movement of the proximal trigger 114 in turn 
retracts the floater 118. The distal end of the floater in turn 
engages the distal trigger 116 and/or the internal connector 
120. Accordingly, retraction of the proximal trigger 114 
results in retraction of the distal trigger 116 and/or the internal 
connector 120, which results in at least partial deployment of 
the Stent 10. 

0.174 FIGS. 12A-12C are various views of the sheathing 
funnel 204 and sheathing tube 202 of the stent delivery sys 
tem 100. FIG. 12A is a perspective view of the sheathing 
mechanism 201 disposed at the distal end of a stent delivery 
device 101 and showing positioning of the sheathing funnel 
204 and sheathing tube 202 in the assembled sheathing 
mechanism 201. FIG. 12B is an end view of the sheathing 
funnel 204 and FIG. 12C is a perspective end view of the 
sheathing funnel 204. 
(0175 Referring collectively to FIGS. 12A-12C, the 
sheathing tube 202 may have a tube-like cylindrical shape. 
The inner diameter d, of a lumen of the sheathing tube 202 
may be sized and shaped to be positioned over an outer 
diameter of a distal region of the outer sheath 126 and/or the 
pod 134 of the delivery device 101. Furthermore, a lumen of 
the sheathing tube 202 may have an inner diameter configured 
to allow the sheathing tube 202 to be slidably moveable 
relative to the outer sheath 126 and/or the pod 134. The 
sheathing tube 202 may slide relative to the outer sheath 126 
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and relative to the pod 134 without interference. The sheath 
ing tube 202 may also slide relative to the sheathing fingers 
206. 
0176 The sheathing funnel 204 may be disposed at a distal 
end of the sheathing tube 202. A proximal end of the sheath 
ing funnel 204 may be coupled to the sheathing tube 202 in a 
manner that the inner diameter of the sheathing funnel 204 at 
the proximal end is approximately equivalent to the inner 
diameter d, of the sheathing tube 202 at the distal end. The 
sheathing funnel 204 has an internal taper configured to guide 
an expanded portion of a stent 10 and the sheathing fingers 
206 into the sheathing tube 202. Accordingly, the distal end of 
the sheathing funnel 204 may have an inner diameter that is 
larger than the inner diameter d, of the proximal end of the 
sheathing funnel 204 and the inner diameter of the sheathing 
funnel 204 may taper from the distal end to the proximal end. 
0177. The sheathing funnel 204 may include ribs 222 dis 
posed on an internal Surface of the sheathing funnel 204 and 
extending in a direction generally from the distal end to the 
proximal end of the sheathing funnel 204. The ribs 222 may 
be configured to interact with the sheathing fingers 206 to 
cause the sheathing fingers 206 to align with the ribs 222 such 
that an elongate projection 216 of a flared region 212 of the 
sheathing fingers 206 is positioned on either side of each rib 
222 and the ribs 222 are positioned in the gaps between the 
flared regions 212. The ribs 222 also interact with the stent 10 
during sheathing. The sheathing funnel 204, and particularly 
the ribs 222, guides the stent 10 and the sheathing fingers 206 
into the sheathing tube 202 to crimp the stent 10 during 
sheathing. The crimped stent 10 can then be sheathed or 
drawn into the pod 134. 
0.178 The elongate projections 216 of the sheathing finger 
206 may include one or more rails 219 or similar thicker 
portion disposed on an outer Surface and configured to contact 
the inner surface of the sheathing funnel 204 and/or sheathing 
tube 202 during a sheathing process. The rails 219 may func 
tion to reduce frictional forces between the projections 216 
and the sheathing funnel 204 and/or sheathing tube 202 dur 
ing sheathing of a stent 10. 
0179 The sheathing funnel 204 and/or sheathing tube 202 
may include and/or define an annular collar 205 on an interior 
surface of the sheathing funnel 204 and/or sheathing tube 
202. The collar 205 may be configured to engage and cause 
distal movement of the flanges 218 (at a distal end of the 
elongate projections 216 of the flared portion 212 of the 
sheathing fingers 206) as the sheathing funnel 204 and/or 
sheathing tube 202 is advanced distally over the sheathing 
fingers 206. Engagement of the collar 205 with the flanges 
218 during distal movement of the collar 205 may result in 
distal movement of the sheathing fingers 206, resulting in 
distal movement of the pod 134 to sheathe the crimped por 
tion of the stent 10. 
0180 FIGS. 13 A-13C are a trigger safety 142 of the stent 
delivery system 100, according to one embodiment. FIG. 13A 
is a perspective view of the trigger safety 142. FIG. 13B is a 
side view of the trigger safety 142 in a closed state. FIG. 13C 
is a side view of the trigger safety 142 in an open state. 
0181 Referring collectively to FIGS. 13 A-13C, the trig 
ger safety 142 may include an annular body 182 and a release 
tab 184. The annular body 182 may be configured to, in a 
closed configuration, encircle and engage the outer Supports 
110 (shown in FIG. 9A). The release tab 184 releases the 
annular body 182 to open the annular body 182 to allow the 
annular body 182 to transition to an open configuration and 
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disengage from the outer supports 110 and thereby release the 
trigger safety 142. The annular body 182 may further include 
various protrusions 188 and ribs 189 on an inner surface to 
engage or otherwise interact with the outer Supports 110. 
0182. The body 182 may have an annular shape configured 

to wrap around the outer supports 110 of the stent delivery 
device 101. The body 182 may comprise a hinge 186 to allow 
the body 182 to open and disengage from the outer Supports 
110. One or more inward protrusions 188 may be configured 
to engage a trigger safety notch 144a, 144b (shown in FIGS. 
3, 5F1, 6B1, and 9B) of the outer supports 110. 
0183 The protrusions 188 may each extend inwardly from 
a deflectable tab 187 formed in the body 182 and be designed 
and configured to allow distal movement of the trigger safety 
142 (for sheathing) while restricting proximal movement of 
the trigger safety 142. Specifically, the trigger safety 142, 
when in an operable state and engaged with the first trigger 
safety notch 144a (see e.g., FIG. 3), may be moved distally 
from the first trigger safety notch 144a to the second trigger 
safety notch 144b (see e.g., FIG.3). The deflectable tabs 187 
may enable the protrusions 188 to withdraw from engage 
ment with the trigger safety notches 144. 
0184 The protrusions 188 may have a ramped distal side 
configured to interact with a distal edge of the first trigger 
safety notch 144a as the trigger safety 142 is moved distally. 
The proximal side of the protrusions may be straight, or 
unramped, and configured to engage the proximal edge of the 
trigger safety notches 144 (see e.g., FIG. 3) and thereby 
restrict proximal movement of the trigger safety 142 relative 
to the outer supports 110. The ramped distal side may act as a 
ramp to cause the protrusions 188 to be raised out of engage 
ment with the first trigger safety notch 144a in response to 
distal movement of the trigger safety 142 relative to the outer 
supports 110. The ramped distal side may interact with a 
distal edge of the trigger safety notches 144, which urges the 
protrusion out of the trigger safety notch. As the protrusions 
188 rise out of engagement with first trigger safety notch 
144a, the deflectable tabs 187 bend or deflect to a deflected 
state to accommodate the outward shift of the protrusions 
188. 

0185. The deflectable tabs 187 may be biased toward an 
undeflected state. When the proximal side of the protrusions 
188 reach the second trigger safety notch 144b, the deflect 
able tabs spring back to the undeflected State causing the 
protrusions 188 to engage the second trigger safety notch 
144b and restrict proximal movement of the trigger safety 
142. The springing back of the deflectable tabs 187 and the 
protrusions 188 may cause an audible click to signal that the 
stent delivery system 100 has reached the fully sheathed 
delivery configuration. 
0186 One or more alignment ribs 189 (or similar protru 
sions) disposed on the inner surface of the body 182 are 
configured to be received in the trigger guide slot 150 (see 
e.g., FIG. 2) to appropriately align the trigger safety 142. The 
ribs 189 are also configured to engage the protrusions 152 on 
the internal connector 120 (FIGS. 3, 9A, 9B) and restrict 
proximal movement of the internal connector 120 and distal 
trigger 116 (see e.g., FIG.2). When the internal connector 120 
is unable to move proximally, the floater 118 (see e.g., FIGS. 
3,9B), the proximal trigger 114 (FIGS. 3,9B) and the outer 
sheath 126 also cannot move proximally. In this manner, the 
trigger safety 142 may guard againstinadvertent or accidental 
deployment of a sheathed stent. 
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0187. Described differently, the ribs 189 may be config 
ured to restrict movement of the internal connector 120 (and 
thus the outer sheath 126) relative to the trigger safety 142 
when the annular body 182 is in the closed configuration 
around the outer supports 110 of the stent delivery device 101. 
The protrusions 188 may be configured to engage the trigger 
safety notches 144 of the outer supports 110 of the stent 
delivery device 101 when the annular body is in the closed 
configuration and restrict proximal movement of the trigger 
safety 142 relative to the outer supports 110 of the delivery 
device 101. The protrusions 188 in combination with the 
deflectable tabs 187 permit distal movement of the trigger 
safety 142 relative to the outer supports 110 of the stent 
delivery device 101 to allow distal movement of the outer 
sheath 126 relative to the inner member 122 (and, among 
other things, the panchor 128 and the stent 10) of the tubular 
member of the stent delivery device 101. The distal move 
ment of the trigger safety 142 relative to the housing allows 
the transition of the stent delivery device 101 from the par 
tially sheathed configuration to the fully sheathed delivery 
configuration during a sheathing process. 
0188 The release tab 184 of the trigger safety 142 allows 
for simple and convenient release of the trigger safety 142 
from engagement around the outer Supports 110. In the illus 
trated embodiment, the release tab 184 is a tongue-like pro 
jection extending away from the body 182 and oriented sub 
stantially at a tangent to the ring-like body 182. The release 
tab 184 may be coupled to the body 182 by one or more 
hinged extensions 190. The hinged extensions 190 may 
include a hinge 192 to allow the hinged extensions 190 and 
the release tab 184 to rotate away from the body 182. The 
release tab 184 may engage a projection 194 on the body 182 
So as to maintain the body 182 in a closed position. As shown 
in FIG. 13C, lifting or pulling the release tab 184 away from 
the body 182 may cause the hinged extensions 190 and the 
release tab 184 to rotate away from the body 182. As the 
release tab 184 rotates away from the body 182, the release 
tab 184 disengages from the projection 194 and allows the 
body 182 to open. Once the trigger safety 142 is open, it can 
be removed from the outer supports 110 to allow operation of 
the trigger assembly 102. 
(0189 FIGS. 14A-14H are views of the panchor 128 of the 
stent delivery system 100, according to one embodiment of 
the present disclosure. The panchor includes a base segment 
230 and one or more extension segments 232. FIG. 14A is a 
perspective view of a base segment 230. The base segment 
230 alone can function as a panchor, by itself, according to 
one embodiment. FIG. 14B is a perspective view of the pan 
chor 128 of the stent delivery system 100 and illustrates an 
extension segment 232 coupled to the base segment 230. FIG. 
14C is a side view of the panchor 128. FIG. 14D is a top view 
and FIG. 14E is a bottom exploded view of the panchor 128. 
FIGS. 14F and 14G are end views of the panchor 128. FIG. 
14H is a cross-sectional view of the panchor 128. 
(0190. Referring to FIGS. 14A-14H, collectively, the pan 
chor 128 may include a push surface 196 and one or more 
anchors 198. The push surface 196 may be oriented orthogo 
nal to an outer surface of the base segment 230. For example, 
the push surface 198 may be disposed on a flange positioned 
annularly around the base segment 230. The push surface 196 
is configured to restrict proximal movement of the stent 10 as 
the outer sheath 126 is pulled proximally over the stent 10 
during deployment. The anchors 198 may include a flange at 
a distal end of the base segment 230 and/or the distal end of 
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the one or more extension segments 232 of the panchor 128. 
In the illustrated embodiment, the anchors 198 may include a 
plurality (e.g., five) of protrusions or apices about the circum 
ference of a distal end of the base segment 230 and/or one or 
more extension segments 232. For example, the anchors 198 
may be a pentagon shaped annular flange having five apices. 
The protrusions of each anchor 198 may be configured to be 
positioned between connectors of the stent 10 that intercon 
nect annular segments (or rows of struts or strut arms) in the 
scaffolding of structure of the stent 10. For example, the 
anchors 198 may be arranged radially to be positioned cir 
cumferentially between the connectors of a stent 10. The 
anchors 198 may engage the distal ends of the struts and 
thereby engage the stent to limit distal movement of the stent 
relative to the panchor 128. 
0191 Engagement of the struts by the anchors 198 of the 
panchor 128 may restrict distal movement of the stent 10, so 
long as the proximal end of the stent 10 remains sheathed 
within the pod 134 and compressed around the panchor 128. 
One or more deflectable tabs 129 may be positioned at an 
opening within the panchor 128. The deflectable tabs 129 
may be configured to deflect (e.g., spread apart) in response to 
contact with a tapered or ramped surface of a barb of a 
connection member that couples the distal inner segment to 
the distal end of the inner member 122 (see e.g., FIG.3). The 
deflectable tabs 129 may retract to abut the orthogonal surface 
(s) of the barb and thereby restrict passage of the barb back 
out of the opening within the panchor 128, thereby securing 
the barb in place. 
0.192 The plurality of segments 128, namely the base seg 
ment 230 and one or more extension segments 232, may be 
rotatably and/or flexibly coupled to enable the panchor 128 to 
be flexible. In the illustrated embodiment, the segments 230, 
232 may comprise ball 234 and socket 236 connections. A 
ball 234 at a proximal end of the extension segments 232 fits 
into and is received by a socket 236 at the distal end of the base 
segment 230 or another extension segment 232. The ball 234 
and socket 236 connection allows the segments 230, 232 to 
bend and rotate relative to each other. An embodiment of a 
panchor 128 having a plurality of extension segments 232 in 
a curved configuration is shown in FIG. 18C. 
(0193 FIGS. 15A-15C are views of a tip insertion funnel 
208 of the stent delivery system of FIG.1. FIGS. 15A and 15B 
illustrate the tip insertion funnel 208 in a closed state and FIG. 
15C illustrates the tip insertion funnel 208 in an open state. 
The tip insertion funnel 208 may form a large opening 260 at 
a distal end that tapers to a small opening 262 configured to 
guide the distal inner segment 136 into the panchor 128. 
Specifically, the tip insertion funnel 208 may precisely guide 
the proximal end of the distal inner segment 136 retrograde 
through a valve of a stent to avert undesired contact and/or 
damage, for example, to leaflets of the valve or other portion 
of the valve, as a result of imprecise insertion of the distal 
inner segment 136. 
0194 In the illustrated embodiment, the tip insertion fun 
nel 208 may comprise two halves 242a, 242b and hinges 244 
at a distal end of the tip insertion funnel 208, near the larger 
distal opening 260. The hinges 244 hingedly couple the 
halves 242a, 242b together. The hinges 242 may be disposed 
in a rim 246 around the outer circumference of the distal 
opening of the tip insertion funnel 208. The hinges 242 may 
allow the tip insertion funnel 208 to open as shown in FIG. 
15C and to be withdrawn over the tip 132 (see e.g., FIG.3) for 
removal after insertion of the distal inner segment 136 into the 
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panchor 128. The tip insertion funnel 208 may include 
removal features 248 (e.g. finger grips) to aid in removing the 
tip insertion funnel 208. In the illustrated embodiment, a 
removal feature 248 is disposed on each of the halves 242a, 
242b on the distal side of the rim 246. The removal features 
are configured to be squeezed together to rotate the halves 
242a, 242b relative to each other about the hinges 244 to open 
the tip insertion funnel 208. 
(0195 FIGS. 16A-16B are perspective views of a stent 
delivery system 1000 having three triggers, according to 
another embodiment of the present disclosure. FIG. 16A is a 
perspective view of the stent delivery system 1000 in a par 
tially sheathed configuration. FIG. 16B is a perspective view 
of the stent delivery device 1001 in a fully sheathed delivery 
configuration. Referring generally and collectively to FIGS. 
16A-16B, the stent delivery system 1000 has three triggers 
1002, 1004, 1006 that a practitioner can manipulate to retract 
an outer sheath 1026 and pod 1034 to deploy a stent 20. The 
stent 20 may have a longer length, for example 150 mm, that 
may be more easily deployed with a three-stage, three-trigger 
deployment mechanism. 
(0196. Other components of the stent delivery system 1000 
may be substantially similar to the components of stent deliv 
ery system 100 described in detail above. The three triggers 
1002, 1004, and 1006 may be operated sequentially, each to 
partially deploy the stent 20. The first trigger 1002 may be 
pulled proximally, toward a handle 1008, to partially deploy 
the stent 20. A second trigger 1004 may then be pulled proxi 
mally, toward the handle 1008 and the first trigger 1002, to 
further deploy the stent 20. Finally, a third trigger 1006 may 
be pulled proximally, toward the handle 1008, the first trigger 
1002, and the second trigger 1004, to complete deployment of 
the stent 20. A trigger safety 142 may limit proximal move 
ment of the third trigger 1006 (and also limit proximal move 
ment of the first trigger 1002 and second trigger 1004), 
thereby restricting deployment of the stent 20. The trigger 
safety 142 may operate by engaging outer Supports 1010 and 
an internal connector (not shown) similar to the manner pre 
viously described. 
0197) The first trigger 1002 may include an annular base 
configured to encircle the outer supports 1010 and one or 
more finger holds. The first trigger 1002 couples to the second 
trigger 1004. Such that proximal movement of the first trigger 
1002 results in proximal movement of the second trigger 
1004. The second trigger 1004 may be substantially similar in 
structure, function, and/or operation to the proximal trigger 
114 of the stent delivery system 100 described above. The 
third trigger 1006 may be substantially similar in structure, 
function, and/or operation to the distal trigger 116 described 
above. Moreover, the coupling and operation of the second 
trigger 1004 and the third trigger 1006 may be substantially 
similar to the proximal trigger 114 and distal trigger 116 of 
the stent delivery system 100, as described above. 
0198 The sheathing mechanism 201 may be used to 
sheath the stent 20. Sheathing of the stent 20, by a sheathing 
action to transition the stent delivery system 1000 from the 
partially sheathed configuration to the fully sheathed delivery 
configuration, may be accomplished in much the same way as 
described above. As can be appreciated, the sheathing fingers 
of the sheathing mechanism 201 may have a longer length to 
accommodate a longer stent. Similarly, the sheathing mecha 
nism 201 may be longer. 
(0199 FIGS. 17A and 17B are side and top cross-sectional 
views, respectively, of an internal connector 1020, a third 
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trigger 1006, a floater 1018, a second trigger 1004, floater 
arms 1012, and a first trigger 1002 of the stent delivery system 
of FIGS. 16A and 16B. FIG. 17A is a side view and FIG. 17B 
is a top sectional view illustrating the coupling relationship of 
the first trigger 1002, the second trigger 1004, a floater 1018, 
an internal connector 1020, and the third trigger 1006. The 
floater 1018 and internal connector 1020 may be substantially 
similar in structure, function, and/or operation to the floater 
118 and internal connector 120 of stent delivery system 100 
of FIG.1, described above. The coupling and operation of the 
second trigger 1004, the floater 1018, the internal connector 
1020, and the third trigger 1006 may be substantially similar 
to the corresponding components of the stent delivery system 
100, as described above with reference to FIGS. 11A and 
11B. 
(0200 Referring collectively to FIGS. 17A and 17B, the 
third trigger 1006 couples to the internal connector 1020. In 
the illustrated embodiment, one or more outwardly extending 
protrusions 1052 on the internal connector 1020 mate with 
trigger guides on the third trigger 1006. As the third trigger 
1006 is retracted proximally, toward the handle 1008 (FIG. 
16A), the third trigger 1006 retracts the internal connector 
1020 proximally. Thus, retraction of the third trigger 1006 
results in retraction of the outer sheath 1026 and pod 1034 
(FIG. 16A), which results in at least partial deployment of a 
stent 20 sheathed within the pod 1034. 
0201 The second trigger 1004 is mechanically coupled to 
the third trigger 1006 by the floater 1018. In the illustrated 
embodiment, the floater 1018 engages a floater engagement 
ring (coupled to inwardly protruding trigger guides) of the 
second trigger 1004. The floater engagement ring engages the 
proximal end of the floater 1018 such that proximal move 
ment of the second trigger 1004 retracts the floater 1018. The 
distal end of the floater engages the third trigger 1006 and/or 
the internal connector 1020. Accordingly, retraction of the 
second trigger 1004 results in retraction of the third trigger 
1006 and/or the internal connector 1020, which retracts the 
outer sheath 1026 and pod 1034 and at least partially deploys 
a sheathed stent 20. 
0202 The first trigger 1002 includes one or more barbed 
external floater arms 1012 that may extend distally from the 
base of the first trigger 1002 to engage the second trigger 
1004. Barbs 1014 at the distal end of the external floater arms 
1012 may engage a base of the second trigger 1004 as the first 
trigger 1002 moves proximally, while allowing distal move 
ment of the first trigger 1002 relative to the second trigger 
1004. Stated differently, the barbed engagement arms 1002 
allow the second trigger 1004 to move proximally relative to 
the first trigger 1002, such that the second trigger 1004 can be 
operated and retracted toward the first trigger 1002, even after 
the first trigger 1002 has been retracted. 
0203 FIGS. 18A-18C are views of the panchor 1028 of 
the stent delivery system 1000. The panchor includes a base 
segment 1130 and a plurality of extension segments 1132a, 
1132b, 1132c, 1132d, 1132e (collectively 1132). FIG. 18A is 
a side view of the panchor 1028. FIG. 18B is a side cross 
sectional view of the panchor 1028. FIG. 18C is a side cross 
sectional view illustrating flexibility of the panchor 1028. 
0204 Referring to FIGS. 18A-18C, collectively, the pan 
chor 1028 may include a push surface 1096 and one or more 
anchors 1098. The push surface 1096 is configured to restrict 
proximal movement of the stent 20 as the outer sheath 1026 is 
pulled proximally over the stent 20 during deployment. The 
anchors 1098 may include a flange at a distal end of the base 
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segment 1130 and/or the distal end of the one or more exten 
sion segments 1132 of the panchor 1028. In the illustrated 
embodiment, the anchors 1098 may include a plurality (e.g., 
five) of protrusions or apices about the circumference of a 
distal end of the base segment 1130 and/or one or more 
extension segments 1132. The protrusions of each anchor 
1098 are configured to be positioned between connectors of 
the stent 20 that interconnect annular segments (or rows) of 
Struts in the scaffolding of structure of the stent 20 to engage 
the distal ends of the struts. Engagement of the struts by the 
anchors 1098 of the panchor 1028 restricts distal movement 
of the stent 20, so long as the engaged portion of the stent 20 
remains sheathed within the pod 1034 and compressed 
around the panchor 1028. 
0205 The plurality of segments of the panchor 1028, 
namely the base segment 1130 and the extension segments 
1132, may be rotatably and/or flexibly coupled to enable the 
panchor 1028 to be flexible. In the illustrated embodiment, 
the segments 1130, 1132 comprise ball 1134 and socket 1136 
connections. A ball 1134 at a proximal end of the extension 
segments 1132 fits into and is received by a socket 1136 at the 
distal end of the base segment 1130 or another extension 
segment 1132. The ball 1134 and socket 1136 connection 
allows the segments 1130, 1132 to bend and rotate relative to 
each other. FIG. 18C illustrates the panchor 1028 having a 
plurality of extension segments 1132 in a curved configura 
tion. 
0206. In the illustrated embodiment, the first extension 
segment 1132a may be slightly longer than the other exten 
sion segments 1132b, 1132c, 1132d, 1132e. The length of any 
of the extension segments 1132 and/or the base member 1130 
may be adjusted according to the design and/or configuration 
of a stent to be deployed. Moreover, the number of protru 
sions on the plurality of anchors 1098 may vary according to 
the design and/or configuration of a stent to be deployed. 
0207 FIG. 19 is a perspective view of the stent delivery 
system 100 of FIG. 1 packaged in a storage configuration, 
according to one embodiment. 
0208. As can be appreciated, other embodiments are pos 
sible in which additional triggers, beyond three, are coupled 
together in a similar manner as described herein. 
0209. The present disclosure may be embodied in other 
specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be consid 
ered in all respects only as illustrative and not restrictive. As 
can be appreciated by those having skill in the art, many 
changes may be made to the details of the above-described 
embodiments without departing from the underlying prin 
ciples of the invention. The scope of the invention is, there 
fore, indicated by the appended claims rather than by the 
foregoing description. All changes which come within the 
meaning and range of equivalency of the claims are to be 
embraced within their scope. 
What is claimed is: 
1. A sheathing apparatus to facilitate sheathing of a crim 

pable implantable device into a delivery device that is con 
figured to deploy the implantable device within a body of a 
patient, the sheathing apparatus comprising: 

a plurality of sheathing fingers to crimp an unsheathed 
portion of the implantable device in a partially sheathed 
state, the plurality of sheathing fingers configured to 
engage and move a portion of a tubular member of the 
delivery device as the plurality of sheathing fingers are 
moved distally relative to the implantable device; and 
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a translational member that is axially displaceable relative 
to the tubular member of the delivery device, the trans 
lational member comprising a tapered member disposed 
at a distal end of the translational member to interact 
with the plurality of sheathing fingers and translate axial 
movement of the translational member in a distal direc 
tion along the tubular member into radial force to com 
press and thereby crimp the unsheathed portion of the 
implantable device. 

2. The sheathing apparatus of claim 1, wherein the trans 
lational member comprises a sheathing tube having a lumen 
there through to receive the tubular member of the delivery 
device, the sheathing tube being slidably moveable relative to 
the tubular member of the delivery device, and wherein the 
tapered member comprises a sheathing funnel disposed at a 
distal end of the sheathing tube to guide the plurality of 
sheathing fingers into the sheathing tube to convertaxial force 
to radial force and crimp the implantable device. 

3. The sheathing apparatus of claim 2, wherein the sheath 
ing funnel comprises an internal taper and ribs that interact 
with the plurality of sheathing fingers during sheathing to 
guide the plurality of sheathing fingers into the sheathing tube 
to crimp the implantable device. 

4. The sheathingapparatus of claim 2, wherein the plurality 
of sheathing fingers are configured to engage at least one of 
the sheathing funnel or the sheathing tube as the sheathing 
tube is moved distally along the tubular member of the deliv 
ery device, wherein distal movement of the sheathing tube 
causes distal movement of the sheathing fingers, which 
thereby moves the portion of the tubular member distally 
relative to a crimped portion of the implantable device to 
thereby sheathe the crimped portion of the implantable 
device. 

5. The sheathing apparatus of claim 2, wherein the plurality 
of sheathing fingers are configured to engage an outer sheath 
of the tubular member of the delivery device and to engage at 
least one of the sheathing funnel or the sheathing tube as the 
sheathing tube is moved distally along the tubular member of 
the delivery device, wherein distal movement of the sheathing 
tube pulls the outer sheath of the tubular member distally 
relative to a crimped portion of the implantable device to 
thereby sheathe the crimped portion of the implantable device 
within the outer sheath of the delivery device. 

6. The sheathingapparatus of claim 1, wherein the plurality 
of sheathing fingers comprise a base portion and a flared 
portion, wherein the base portion is configured to engage and 
move the portion of the tubular member of the delivery device 
as the plurality of sheathing fingers are moved distally relative 
to the implantable device, wherein the flared portion is con 
figured to extend distally beyond a distal end of the tubular 
member, to be disposed about an outer diameter of the 
unsheathed portion of the implantable device, and to extend 
along a length of the unsheathed portion of the implantable 
device. 

7. The sheathing apparatus of claim 6, wherein the base 
portion of the sheathing fingers is configured to be disposed 
around and engage a portion of the distal region of an outer 
sheath of the delivery device, wherein the base portion is 
configured to draw the outer sheath of the delivery device 
distally relative to the implantable device and over a crimped 
portion of the implantable device as the plurality of sheathing 
fingers are moved distally relative to the implantable device. 

8. The sheathing apparatus of claim 7, wherein the tubular 
member of the delivery device comprises a pod disposed at a 
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distal end of the tubular member, the pod configured to 
receive and enclose the implantable device in a crimped state, 
wherein the plurality of sheathing fingers are configured to 
engage and move the pod as the sheathing fingers are moved 
distally relative to the implantable device. 

9. The sheathing apparatus of claim 8, wherein the base 
portion of the plurality of sheathing fingers is configured to 
engage and move the pod as the plurality of sheathing fingers 
are moved distally relative to the implantable device, the 
flared portion of the plurality of sheathing fingers configured 
to engage at least one of the sheathing funnel or the sheathing 
tube as the sheathing tube is moved distally along the tubular 
member of the delivery device, the flared portion further 
configured to crimp an unsheathed portion of the implantable 
device as the flared portion is drawn into the sheathing tube. 

10. The sheathing apparatus of claim 9, wherein the base 
portion of the plurality of sheathing fingers is configured to at 
least partially surround a portion of the pod. 

11. The sheathing apparatus of claim 1, further comprising 
a distal inner segment comprising an elongate shaft con 

figured to be positioned through a lumen of the implant 
able device to couple to an inner member of the tubular 
member of the delivery device; and 

a tip coupled to the distal inner segment and configured to 
be positioned at a distal end of the tubular member of the 
delivery device and a distal end of the implantable 
device in a crimped and fully sheathed state. 

12. The sheathing apparatus of claim 11, further compris 
ing a tip insertion funnel configured to couple to a distal end 
of the flared portion of the plurality of sheathing fingers, 
wherein the tip insertion funnel is configured to guide inser 
tion of the distal inner segment through the lumen of the 
implantable device. 

13. The sheathing apparatus of claim 12, wherein the tip 
insertion funnel comprises two halves coupled together by 
hinges disposed at a distal rim of the tip insertion funnel, 
wherein the hinges allow the tip insertion funnel to have an 
opened State and a closed state. 

14. The sheathing apparatus of claim 1, wherein the 
implantable device is a stent comprising a valve configured to 
be disposed in an unsheathed and uncrimped portion of the 
stent prior to the sheathing apparatus sheathing the stent into 
the delivery device. 

15. The sheathing apparatus of claim 1, wherein the 
implantable device is configured to be deployed within a 
target lumen internal to the body of the patient. 

16. A delivery system to sheatheastent and deploy the stent 
within a lumen of a body of a patient, the delivery system 
comprising: 

a crimpable stent; 
a delivery device that is configured to deploy the stent 

within the lumen of the body of a patient; 
a translational member that is axially displaceable relative 

to a tubular member of the delivery device, the transla 
tional member comprising a tapered member disposed at 
a distalend of the translational member to translate axial 
movement of the translational member in a distal direc 
tion along the tubular member into radial force to com 
press and thereby crimp an unsheathed portion of the 
stent; and 

a plurality of sheathing fingers configured to crimp and 
sheathe an unsheathed portion of the stent, wherein the 
plurality of sheathing fingers are configured to engage 
an outer sheath of a tubular member of the delivery 
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device and to engage the translational member as the 
translational member is moved distally along the tubular 
member of the delivery device, wherein distal move 
ment of the translational member moves the outer sheath 
of the tubular member distally relative to a crimped 
portion of the stent to thereby sheathe the crimped por 
tion of the implantable device. 

17. The delivery system of claim 16, wherein each of the 
plurality of sheathing fingers comprise a base portion and a 
flared portion, the base portions configured to engage and 
move a distal portion of a tubular member of the delivery 
device distally over a crimped portion of the stent to sheathe 
the stent as the sheathing fingers are displaced distally relative 
to the stent by the translational member, the flared portions 
configured to extend distally from the base portion, to extend 
distally beyond a distal end of the tubular member of the 
delivery device and along a length of an unsheathed portion of 
the stent, and to be arranged about an outer diameter of the 
unsheathed portion of the stent to interact with the tapered 
member and to receive the radial force of the tapered member 
to crimp the unsheathed portion of the stent upon interaction 
with the tapered member of the translational member as the 
translational member is moved in the distal direction along 
the tubular member. 

18. The delivery system of claim 16, wherein the transla 
tional member of the sheathing mechanism comprises: 

a sheathing tube having a lumen there through with an 
inner diameter configured to be positioned over an outer 
diameter of the distal portion of the tubular member of 
the delivery device, wherein the sheathing tube is slid 
ably moveable relative to the tubular member; 

a sheathing funnel disposed at a distal end of the sheathing 
tube, the sheathing funnel comprising the tapered mem 
ber, the sheathing funnel having an internal taper and 
ribs that interact with the plurality of sheathing fingers 
and the stent during sheathing to guide the stent and the 
plurality of sheathing fingers into the sheathing tube to 
crimp the stent. 

19. The delivery system of claim 18, wherein the plurality 
of sheathing fingers are configured to engage at least one of 
the sheathing funnel or the sheathing tube as the sheathing 
tube is moved distally along the tubular member of the deliv 
ery device, wherein distal movement of the sheathing tube 
causes distal movement of the sheathing fingers, which 
thereby moves the distal portion of the tubular member dis 
tally relative to a crimped portion of the stent to thereby 
sheathe the crimped portion of the stent. 

20. The delivery system of claim 16, wherein the stent 
comprises a metal scaffolding structure that does not Substan 
tially elongate when crimped and that includes a valve. 

21. A method for sheathing an implantable device in a 
delivery device for deployment at a target location within a 
body of a patient, the method comprising: 

positioning a sheathing mechanism at a distal region of a 
tubular member of the delivery device, wherein the 
delivery device is in a partially sheathed configuration 
having the implantable device partially unsheathed and 
partially sheathed at a distal end of the tubular member; 
and 

advancing the sheathing mechanism in a distal direction 
while restraining distal movement of the delivery 
device, thereby moving the sheathing mechanism dis 
tally relative to the implantable device and over the 
implantable device and causing the sheathing mecha 
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nism to translate axial distal movement along the tubular 
member into radial force that compresses and thereby 
crimps the implantable device and to move the distal 
region of an outer sheath of the tubular member of the 
delivery device over the crimped implantable device to 
fully sheathe the implantable device. 

22. The method of claim 21, further comprising: 
removing the sheathing mechanism from the distal region 

of the tubular member of a delivery device after advanc 
ing the sheathing mechanism in the distal direction to 
fully sheathe the implantable device. 

23. The method of claim 21, wherein the sheathing mecha 
nism comprises: 

a plurality of sheathing fingers to crimp an unsheathed 
portion of the implantable device; and 

a translational member that is axially displaceable relative 
to the tubular member of the delivery device and relative 
to the plurality of sheathing fingers, the translational 
member comprising a tapered member disposed at a 
distal end of the translational member to interact with 
the plurality of sheathing fingers and translate axial 
movement of the translational member in a distal direc 
tion along the tubular member into radial force to com 
press and thereby crimp the implantable device, 

wherein advancing the sheathing mechanism comprises: 
grasping with a first hand the translational member; 
grasping with a second hand a grip on the deployment 

device; and 
advancing the translational member in the distal direc 

tion to interact with and push the plurality of sheath 
ing fingers. 

24. The method of claim 23, wherein the translational 
member comprises a lumen with an inner diameter config 
ured to be positioned around an outer diameter of the distal 
region of the tubular member of the delivery device, 

wherein positioning the sheathing mechanism includes 
positioning the sheathing mechanism Such that the tubu 
lar member of the delivery device is positioned through 
the lumen of the translational member. 

25. The method of claim 24, wherein the sheathing mecha 
nism comprises: 

a sheathing tube forming the lumen of the sheathing 
mechanism, wherein the sheathing tube is slidably 
moveable relative to the outer sheath of the tubular mem 
ber of the delivery device; and 

a sheathing funnel disposed at a distal end of the sheathing 
tube, the sheathing funnel having an internal taper and 
ribs that interact with the plurality of sheathing fingers 
and the implantable device during sheathing to guide the 
plurality of sheathing fingers into the sheathing tube and 
to crimp the implantable device, and 

wherein positioning the sheathing mechanism further 
comprises: 
positioning the sheathing tube and sheathing funnel over 

the distal region of the tubular member of the delivery 
device; and 

arranging the plurality of sheathing fingers around and 
in engagement with the outer sheath at the distal 
region of the tubular member of the delivery device 
and with the flared portions of the sheathing fingers 
disposed around the outer diameter of the unsheathed 
portion of the implantable device, 

wherein the sheathing tube is configured to engage the 
sheathing fingers of the sheathing mechanism to move 
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the outer sheath over the crimped implantable device as 
the sheathing tube is moved distally relative to and over 
the implantable device to sheathe the implantable 
device. 

26. The method of claim 21, wherein positioning the 
sheathing mechanism further comprises inserting a distal 
inner segment through a lumen of the implantable device to 
couple to an inner member of the delivery device, the distal 
inner segment comprising an elongate shaft, wherein a tip is 
coupled to a distal end of the distal inner segment. 

27. The method of claim 26, wherein positioning the 
sheathing mechanism further comprises coupling a tip inser 
tion funnel to a distal end of the flared portion of the plurality 
of sheathing fingers, wherein the tip insertion funnel is con 
figured to guide insertion of the distal inner segment through 
the lumen of the implantable device. 

28. The method of claim 21, wherein the implantable 
device is a stent comprising a valve and a scaffolding struc 
ture that does not substantially elongate when crimped. 
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